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LECTURES 

o  u 

ELECTRICITY. 


VOL.  II. 


ON    THE    CONDUCTING    POWERS    OF. 
DIFFERENT  BODIES. 


o 


UR  apparatus  has  hitherto  con- 
fided of  a  glafs  cylinder,  a  com- 
mon conductor,  with  the  addition 
of  a  Ley  den  phial ;  or  it  has  con- 
lifted  of  an  eleclrical  furface  and  a 
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fcudo.  All  the  effecls  which  have 
been  defcribed  and  elucidated, 
have  been  merely  the  confequences 
of  diverfifying  the  magnitude  of 
thefe  inftruments;  the  dimenfions 
of  their  feveral  parts,  and  their 
fituations;  we  (hall  now  advance  to 
a  branch  of  electricity  in  which 
the  machinery  becomes  necefl'arily 
muchv  more  complicate,  and  by 
which  a  new  and  very  important 
relation  of  the  various  bodies  in 
nature  is  to  be  inveftigated. 


D 


A  very  brief  recurrence  to  a 
fact,  which  has  already  engaged 
much  of  your  attention,  will  un- 
cover a  vaft  accumulation  of  ef-, 
feels.  Every  addition  of  the  elec- 
tric fluid,  to  any  charged  body,  is 
always  attended  with  a  correfpond 
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ent  and  equal  lofs,  and  the  redo- 
ration  of  the  addition,  fo  as  to 
make  up  the  lofs,  is  called  reftoring 
the  equilibrium.  This  effect,  is  pro- 
duced by  forming  a  paffage,  thro! 
which  the  addition  will  pajfs,  or9 
to  ufe  the  language  of  electricians, 
by  forming  a  circuit.  When  the 
outfide  and  the  infide  of  a  charged 
phial  are  connected  by  a  wire  of 
metal,  the  quantity  collected  on 
the  infide  paries  through  this  wire 
as  its  circuit.  When  the  circuit 
is  formed  of  different  materials, 
very  different  effecls  are  obferved. 
Some  will  allow  a  greater  part  of 
the  charge  to  pafs  through  than 
others,  or  they  afford  an  eafier  paf- 
fage than  others;  or,  to  ufe  the 
language  of  electricians,  fome  are 
letter  condutlors  of  the  fluid  than 
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others.  I  have  beftowed  a  great 
deal  of  pains  on  my  attempts 
to  determine  the  degrees  of  this 
conducting  power,  and  to  invefti- 
gate  fome  general  caufe  of  its  di- 
verfities  in  different  bodies.  The 
fuccefs  of  my  endeavours  has  not 
been  fully  adequate  to  my  wifhes. 
I  have,  however,  done  fomething 
which  may  aflift  others,  and  perhaps 
contribute  to  your  improvement. 
I  will  defcribe,  firft  of  all,  the 
machinery  I  ufed,  and  the  prin- 
ciples on  which  it  was  conftru&ed. 

FIG.  XXVII. 

ABECD  is  my  electrometer, 
or  the  inftrument  which  I  em- 
ploy to  meafure  the  precife 
charge   which    I    convey    through 
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the  body  to  be  examined.  I  would 
be  far  from  calling  it  an  improve- 
ment of  that  made  by  Mr.  Brooke; 
it  is  an  alteration  only  which  I 
found  moil  fuitable  to  the  pecu- 
liarities of  my  own  purfuits.  CE 
is  a  very  light  brafs  tube,  with  a 
very  light  brafs  ball  annexed  to  the 
extremity  of  it :  the  dimenfions 
of  the  ball  are  one  inch  and  a 
quarter  in  diameter.  The  tube  is 
eight  inches  in  length,  and  one 
inch  and  a  quarter  in  thicknefs  : 
this  tube  is  annexed  to  a  multi- 
plying wheel,  which  is  connected 
with  the  hand  on  the  dial-plate, 
and  by  its  motion  gives  four  cir- 
cumvolutions of  the  hand  to 
every  one-fourth  of  the  tube. 
The  figure  difcovers  to  you,  that 
this  tube   refts  upon  another  fimi  = 
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lar  tube,  which  is  fixed.  The 
moveable  tube  has  a  Aider  upon 
it,  which,  by  moving  backward 
and  forward,  regulates  the  weight 
to  be  raifed,  when  the  electrometer 
is  connected  by  a  metallic  com- 
munication to  the  infide  of  a  jar, 
while  charging.  The  infulation  of 
the  tube,  balls,  and  the  watch- 
work  annexed  to  them,  is  obvious 
from  the  figure,  in  which  AB  re- 
prefents  a  (tern  of  glafs. 

My  reafons  for  making  this  in- 
iirument  different  from  that  in- 
vented by  Mr.  Brooke,  were  the 
following:  I  found  that  the  leaft 
difference  of  charge,  when  the 
phial  was  highly  loaded,  produced 
a  mod  amazing  irregularity  in  the 
•ifTecr  dependent  upon  the  paffage 
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of  the  charge.  Hence,  though 
the  arm  was  regulated  fo  as  to 
fliew  the  difference  of  grain 
weights,  ftill  I  experienced  a  dif- 
ficulty in  afcertaining  when  ex- 
actly the  two  balls  were  feparated, 
and  I  found  confiderable  diver- 
fities  dependent  on  the  greater  or 
lefs  reparation  of  them.  I  there- 
fore connected  the  arm  with  the 
hand  on  the  plate,  and  was  thus 
able  to  determine  accurately  the 
very  inftant  in  which  the  fame  quan- 
tity of  charge  might  be  made  to 
pafs  through  any  given  fubftance. 
It  may  not  be  amifs  here  to  men- 
ji-an.  my  d.ifappointment  in  attexnpt- 
ing,  by  Lane's  electrometer,  to  de- 
termine the  precife  chargd  which 
paffed  through  any  body  at  feveral 
different  times ;  or,  in  other  words, 

E  4 


8  LECTURES'  ON 

to  be  able,  in  two  or  more  dif- 
ferent experiments,  to  fay  that  I 
ufed  exactly  the  fame  charge. 

FIG.  XXVIII. 

AB  is  a  wire,  with  two  balls  at 
its  extremities.  It  moves  back- 
ward and  forward  in  the  ball  C, 
and  by  this  means  may  be  fixed 
at  any  given  diftance  from  the 
brafs  ball  D,  which  is  immediately 
connected  with  the  infide  of  the 
phial  or  battery,  while  the  con- 
nexion with  the  outfide  is  con- 
tinued from  the  wire  AB.  All  the 
parts  are  united  into  one  inftrument 
by  the  bent  glafs  ftem  FG. 

I  have  endeavoured  to  afcertain 
<the  accuracy  of  this  electrometer^ 
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by  comparing  the  refults  of  expe- 
riments without  number;  but  I 
have  not  yet  been  able,  in  three 
fucceffive  trials,  to  make  the  fame 
force  ftrike  through  the  fame  length 
of  air.  The  caufes  of  this  uncer- 
tainty proceed  from  the  invifible 
conducting  atoms  which  float  in 
the  atmofphere,  from  the  conti- 
nual intrufion  of  hairs  into  the  in- 
terval between  the  ftriking  balls, 
and  from  the  fudden  changes  of 
temperature  in  the  air,  together 
with  a  variety  of  other  circum- 
flances,  the  minuteft  of  which  has 
a  confiderable  influence  on  the 
conducting  power  of  the  circuit. 

In  determining  the  conducting 
powers,  of  different  bodies,  the  cer- 
tainty of  our  refults  will  depend, 
not  more  on  our  accuracy  in  mea- 


10  LECTURES    ON 

Curing  the  preeife  charge  employed 
in  each  experiment,  than  on  the 
adaptation  of  the  methods  we  ufe 
to  the  conveyance  of  the  whole  of 
that  charge  through  the  body  to  be 
examined. 

Hence    proceeds    the    neceflity 
that  our  difcharging  inftrument, 

lft,  Should  be  conftru&ed  fo 
that  no  other  paffage  may  be  open 
for  the  efcape  of  the  fluid  to  the 
outfide  of  the  bottle  or  battery, 
than  that  of  the  intended  cir 
cuit. 

2dly,  That  the  conducting  wires 
of  the  inftrument  fhould  come  into 
contact  with  the  infide'of  the  charged 
furface,  as  rapidly  as  pofiible ;  fbif. 
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by  approaching  it  gradually.,  part 
of  the  charge  is  taken  off  previ- 
oufly  to  the  explofion,  and  confe- 
quently  the  force  very  much  dimi- 
nished. 

3dly,  That  the  operator  mould 
not  be  in  the  atmofphere  of  the 
conductor,  at  the  moment  of  the 
difcharge. 

4thly,  The  discharging  inftru- 
ment,  and  the  infide  of  the  charged 
fubftance,  mould  be  feparated  as 
rapidly  as  they  are  connected  :  we 
fhali  otherwife  be  unable  to  mea- 
fure  the  refidues,  and  we  fhall  find 
it  neceflary  to  accumulate  a  new 
charge  every  time  we  are  miftaken 
in  our  finking  diftanccs.  When 
the  charged   fnrface  is   fxnall,    the 
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toil  of  operation  is  thus  doubled. 
It  is  certainly  increafed  tenfold 
when  the  charged  furface  is  of  con- 
siderable dimenfions. 

That  inflrument  which  I  fhall 
now  defcribe  is  the  contrivance  of 
my  brother,  fuggefted  by  the  laft 
of  a  great  number  of  inftruments 
of  the  fame  kind,  which  I  had  pre- 
vioufly  made,  without  fatisfying 
myfelf. 


THE  DISCHARGING   ROD. 

FIG.  XXIX. 

A  and  B  are  two  brafs  wheels, 
whofe  diameter  is  four  or  five  inches: 
they   are    connected    by    an    axis, 
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which  turns  eafily  in  a  collar  fixed 
upon  the  glafs  (tern,  DM.  The 
wires,  DC  and  EF,  are  fcrewed 
into  the  peripheries  of  the  wheels, 
but  on  fides  directly  oppofite  to 
each  other.  The  lengths  of  thefe 
wires  are  regulated  by  the  diftances 
at  which  the  difcharging  rod  is 
placed  from  the  conductor:  their 
direction  is  perpendicular  to  the 
axis  of  the  wheels.  But  two  other 
wires  are  to  be  fixed  perpendicu- 
larly to  the  planes  of  the  wheels ; 
they  are  fcrewed  as  nearly  as  pof- 
fible  to  the  periphery  of  the  wheels, 
but  at  oppofite  points,  fo  that  they 
may  ftrik,e  obje&s  lying  in  the 
fame  line,  parallel  to  the  axis,  at 
the  diftance  of  half  a  revolution 
from  each  other.  The  lengths  of 
thefe   wires  are  regulated  by   the 
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diftances  at  which  they  join  the 
metallic,  or  any  other  connexion 
that  is  formed  with  the  outfide  of 

the  phial. 

The  mode  of  ufing  the  dif- 
charging  rod  is  the  following  : 

When  C  is  brought  into  contact 
with  the  conductor,  it  receives  the 
fluid,  and  conveys  it  through  G 
to  the  outfide  of  the  charged  fur- 
face.  The  motion  of  C  is  not 
flopped  by  the  contact,  but  the 
continuance  of  it  brings  E  into 
the  fame  contact  by  which  the  re- 
fidue  of  the  jar  is  conveyed  thro' 
K  to  the  outfide.  The  glafs  item 
mould  penetrate  deeply  into  each 
of  the  caps,  for  the  whole  appa- 
ratus  will   be    otherwife   loofenecl 
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and  put  out  of  order,  by  the  ne- 
eeflary  rapidity  of  the  motion,  and 
die  conquaflatron  of  parts  attend- 


ing it. 


If  C,  in  its  circumvolutions, 
ftrike  again  ft  an  immoveable  body 
in  connexion  with  the  conductor, 
it  is  frequently  flopped,  and  then 
its  ball  is  injured,  or  a  change 
unfavourable  to  the  accuracy  of 
the  experiment  takes  place. 

FIG.  XXX. 

To  prevent  thefe  inconyeni- 
encies,  C  ftrikes  the  ball  A,  which 
is  connected  with  the  brafs  tube 
that  penetrates  into  the  conductor, 
\vith  an  elaftic  wire  bent  into  the 
form  of  a  fpring.     Hie  edges  and 
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points  of  this  inftrument  are  ren- 
dered impotent  by  faftening  a  box 
to  the  brafs  tube,  fo  that  the  ball, 
A,  may  move  backwards  and  for- 
wards in  the  hollow  of  it,  when 
ftruck  by  C.  The  box  mould  be 
made  of  hard  wood,  and  its  edge 
carefully  turned  and  well  polifhed. 


FIG.  XXXI, 

The  inftrument  I  am  going  to 
defcribe,  is  defigned  for  furnifhing 
the  fluid,  in  its  paffage  from  one 
fide  of  a  charged  furface  to  the 
other,  with  two  circuits,  and,  from 
the  preference  it  fhews,  to  deter- 
mine the  fuperior  conducting  power 
of  the  fluid  or  folid  through  which 
it  paffes. 
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AB  is  a  (trip  of  brafs  about  an 
inch  and  a  half  wide,  and  half  an 
inch  thick.  It  refts  upon  the  caps 
of  two  glafs  items,  and  is  fattened 
by  fcrewing  over  it  the  balls  A  and 

B. F   and    G    are  two   holes. 

through  which  the  two  wires,  FH 
and  GI,  Aide  very  fteadily,  fo 
that  the  diftances  between  their  ex- 
tremities, and  thofe  of  the  wires  K 
and  L,  may  be  changed  at  pleafure, 
and  afcertained  with  accuracy. — 
BM  is  a  wire,  whofe  extremity  is 
fo  elaftic  as  eafily  to  give  way  when 
(truck  by  the  arm  of  the  difcharg- 
ing  rod.  The  wooden  caps,  into 
which  the  glafs  ftems  are  cement- 
ed, and  upon  which  they  ftand, 
are  connected  by  a  (trip  of  metal 
or  wood,  fo  that  the  whole  may 
form  one  inftrument. 

VOL.   II.  c 
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The  following  is  the  procefs  of 
operation,  when  the  preceding  in- 
ftrument  is  employed. 

The  arms  of  the  difcharging  rod, 
by  their  contemporaneous  contact 
with  the  conductor,  and  with  M, 
Fig.  XXXI.  enable  the  fluid  to 
ilrike  from  I  or  H  to  K  or  L, 
which  are  wires  connected  with 
the  outfide  of  the  charged  fur- 
face. 

Suppofe  that,  before  it  could 
pafs  through  A  I,  it  mull  force  its 
way  through  a  body  of  water, 
then  the  charge  will  rather  ftrike 
through  an  interval  of  three  inches 
between  H  and  K,  than  through 
one  inch  between  I  and  L ;  and 
the  difference   of   length  in  thefc 
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intervals  is  a  meafure  of  the  fupe- 
rior  refiftance  of  the  water  to  the 
paffage  of  the  fluid,  above  that  of 
the  metals. 

The  method  of  placing  the  water^ 

or  any  other  fluid  or  folid,  in  the 

circuit,  will  be  defcribed  here- 
after. 

The  next  inftrument  I  fhall  de~ 
fcribe,  was  fuggefted  by  the  cir- 
cumftances  of  the  following  fact. 

FIG.  XXXII. 

A  B  is  a  glafs  tube  half  an  inch 
in  diameter;  one  end  of  it  is  clofed, 
having  the  wire  AC  paffing  through 
it;  the  other  end,  B,  is  inverted 
into  a  bafon  of  water,  in  fuch  a 
c  2 
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manner  as  to  have  its  edge  juft 
below  the  furface  of  the  water. 
The  wire  DB  is  connefted  with 
the  outfide  of  the  charged  phial. 
The  fluid,  in  its  paflage  from  C 
to  D,  produces  an  expanfion  of 
the  air,  a  large  bubble  of  which 
efcapes,  and  foon  after  the  water 
rifes,  and  gives  a  meafure  of  the 
change  that  has  taken  place. 

The  efFecl  produced  in  this  ex- 
periment is  the  confequence  of  that 
adhefion,  by  which  the  eleclric 
fluid  is  united  to  the  air  in  the 
tube;  for  when  fuch  an  adhefion 
takes  place  between  any  two  bo- 
dies, the  motion,  communicated 
to  the  one,  mult  be  neceffarily 
participated  by  the  other. 
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The  momentum  caufed  by  the 
cxplofion  of  a  high  charge  from  a 
confiderable  battery,  accords  to 
the  amazing  velocity  of  the  elec- 
tric fluid  in  its  paffage,  and  varies 
in  proportion  to  its  quantity. 

If  a  charge  of  ten  feet  furface 
be  ufed,  a  weight  exceeding  that 
of  four  pounds  may  be  moved. 

If     the     charged  furface     be 

doubled,    the  effect,  is    doubled; 

if    quadrupled,    the  expanfion    is 
fourfold. 

The  preceding  effect,  is  not  con- 
fined to  air.  It  is  produced  by 
the  paffage  of  the  charge  through 
oil,  aether,  fpirits  of  wine  and 
water;     for    if     either    of    thefe 
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fluids  be  fubftituted  in  die  circum- 
ftances  of  the  air  in  die  tube,  and 
the  charge,  in  its  pafTage  through 
either  of  them,  be  made  luminous, 
by  bringing  the  terminations  of  the 
two  conducting  wires  near  enough 
to  each  other,  a  degree  of  expan- 
fion  takes  place,  which  varies  ac- 
cording to  certain  circumftances 
dependent  on  the  conducting  power 
of  the  expanded  fubftances. 

When  the  conducting  power  is 
perfect,  the  charge  meets  with  no 
refiftance  in  its  circuit.  On  the 
other  hand,  this  refiftance  increafes 
as  the  conducting  power  diminifhes, 
and  proceeds  from  the  adhefion 
of  the  electric  particles  that  are 
moved  to  the  body  which  conveys 
the    charge;     but    the    expanfion 
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likewife  depends  upon  the  fame 
adhefion;  the  expanfion  muft 
confequently  vary  in  proportion  to 
the  conducting  power.  In  other 
words,  the  conducting  power  muft 
be  greateft  when  the  expanfion  is 
leaft,  and  vice  verfa. 

The  following  inftrument,  there 
fore,  which  is  defigned  to  meafure 
the  one,  may  be  accurately  confi- 
dered  as  a  meafure  of  the  other. 

FIG.  XXX1IL 

AB  is  a  glafs  veffel,  whofe  dia- 
meter, IK,  is  four  inches,  and 
whofe  length,  DC,  is  two  inches 
and  a  quarter.  AD  and  BC  are 
two  open  necks,  about  three- 
fourths  of  an  inch  in  diameter, 
c  4 


24  LECTURES     Ott 

EFGH  is  a  brafs  cap,  having  a 
bore  nearly  equal  to  that  of  the 
neck ;  on  its  narrower  end,  a  cap 
of  cork,  I,  refts.  When  the 
charge  paffes  from  one  point  to 
another,  in  the  glafs  veffel,  the 
cork  cap,  with  whatever  weight 
may  be  placed  on  it,  is  raifed  ; 
but  the  effect,  is  fo  rapid,  that  the 
eye  cannot  determine  whether  any 
motion  has,  or  has  not,  taken 
place. 

The  inftrument  reprefented  by 
Fig.  XXXIV,  is  defigned  to  re- 
medy this  inconvenience.  The 
equal  weights,  a  and  b,  are  fuf- 
pended  by  a  filken  thread,  which 
winds  over  the  wheel  of  a  brafs 
pulley  :  the  hand,  e,  is  fixed  on 
the    axis,    and    expreffes,    by    its 
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change  of  place,  the  motion  of 
the  pulley.  A  box,  carefully 
freed  from  all  points  and  edges, 
contains  the  wheel,  and  the  whole 
of  the  works  which  may  be  necef- 
fary  for  its  movement.  To  the 
back  part  of  the  box,  the  blunted 
wire,  cd,  is  fixed,  which,  by  the 
aid  of  the  nut,  A,  preffing  upon 
it  in  a  perforated  cap,  may  be 
adjufted  to  any  required  diftance. 

One  of  the  weights  of  the 
pulley,  at  the  time  of  operation, 
retts  upon  the  cork  cap,  Figure 
XXXIII.  It  is  confequently  raifed 
by  the  expanfion  of  the  air  in  the 
glafs  veffel,  and,  agreeably  to  the 
well  known  property  of  the  pul- 
ley, continues  at  the  height  to 
which  it  has  been  moved. 
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Various  were  the  ineffe&ual 
contrivances  to  which  I  had  re- 
courfe,  before  the  preceding  was 
fuggefted  by  the  ingenuity  of  a 
friend,  who  is  juftly  celebrated 
for  his  (kill  in  mechanics.* 

The  fri&ion  of  the  cork  cap 
may  be  objected  to  as  a  probable 
fource  of  irregularities.  My  own 
experience  does  not  juftify  this 
objection.  The  refults  of  my  ex- 
periments have  not  varied  much, 
when  I  have  taken  care  that  the 
cap  mould  be  always  placed  in  the 
fame  pofition,  and  when  I  have 
attended  to  fo'me  other  minute  cir- 
cumftance,  which  I  fhall  mention 


*   Mr.  Wifefflatt,  of  Difs,  in  Norfolk. 


ELECTRICITY.  2J 

hereafter.  However,  the  cork  cap 
cannot  be  ufed,  where  the  con- 
ducling  powers  of  the  different 
kinds  of  air,  or  the  expanfions  of 
grofs  fluids,  are  to  be  meafured. 
In  fuch  cafes  I  have  always  ufed 
•the  inftrument  reprefented  in  Fig. 
XXXV. 

A  is  a  veflel  fimilar  to  what  I 
have  already  defcribed.  When  the 
airs  are  examined,  it  is  made  of 
glafs;  but  when  our  experiments 
are  made  on  oil,  aether,  fpirits  of 
wine,  or  water,  it  rauft  confift  of 
wood ;  for  nothing  elfe  remains 
entire  after  the  explofion.  BC  is 
a  bent  tube  filled  with  mercury, 
one  of  whofe  furfaces  rifes  to  the 
bore  of  the  iron  ftop-cock,  which 
is  annexed  to  the  neck  of  the  vef- 


$8  LECTURES    ON 

fel  A.  The  other  furface,  C,  is 
about  an  inch  and  a  half  below 
the  open  end  of  the  bent  tube, 
and,  at  the  time  of  operation,  one 
of  the  weights  of  the  pulley,  de- 
ferred in  Fig.  XXXIV.  refts 
upon  it.  D  is  a  fecond  ftop-cock, 
with  a  cap  annexed  to  it.  The 
two  flop-cocks  have  a  reference 
to  the  introduction  of  different 
kinds  of  air  into  the  glafs  veffel. 
After  this  is  emptied,  by  means  of 
the  air-pump,  I  fcrew  to  the  ftop- 
cock,  D,  a  cap,  with  a  bladder 
lied  to  it  and  charged  with  the  air 
I  intend  to  examine.  On  taking 
off  a  firing  which  ferved  as  a  liga- 
ture around  the  neck  of  the  blad- 
der to  keep  in. the  air,  and  on 
opening  the  ftop-cock,  D,  the  vef- 
fel  becomes   filled.      I    then    fhut 
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the  ftop-cock,  and  unfcrew  the 
cap  annexed  to  the  bladder,  and 
in  its  room  place  another,  into 
whofe  orifice  the  glafs  tube,  ED, 
is  cemented ;  through  its  cavity, 
which  is  almoft  capillary,  a  fmall 
wire  pafles ;  and  when  the  ftop- 
cock,  D,  is  open,  it  may  be 
pufhed  fo  that  its  point,  e,  may 
come  within  the  ftriking  diftance 
of  the  point  f.  In  this  inftrument, 
it  is  obvious  that  the  weights  raifed 
by  the  expanfion,  are  proportional 
to  the  elevation  of  the  furface  C. 

I  have  taken  great  pains  to  mea- 
fure,  by  the  apparatus  I  have  juft 
now  defcribed,  a  vaft  number  of 
thofe  effects  which  depend  on  the 
non-conducling  powers  of  bodies ; 
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fo  that  the  accuracy  of  our  con- 
clufions  may  reft  on  the  common 
language  of  feveral  diftinft  tefts. 

I  fhall  give  you  the  experiments 
made  on  different  fubftances  with 
each  inftrument  feparately. 

I  fhall  then  give  you  the  obfer- 
vations  which  occurred  while  the 
experiments  were  made ;  and  I 
fhall  conclude  this  part  of  our  en- 
quiries with  an  attempt  to  account 
for  feveral  of  the  defcribed  fa6ls 
by  the  aid  of  certain  principles 
m  hich  I  have  already  explained. 
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THE  DIFFERENCES  OF  CONDUCTING 
POWER  WHICH  DEPEND  ON  THE 
DIFFERENT  TERMINATIONS  OF 
THE    DISCHARGING    WIRES. 

The  varieties  which  I  have  exa- 
amined,  refulted  from  conveying 
the  charge  through  air. 

I.   Front  one  flat  furface  to  another. 
II.   From  one  point  to  another. 

III.  From  a  flat  furface  to  a  point. 

IV.  From  balls  to  points. 

I.  From  one  flat  furface  to  ano- 
ther.— Some  difficulty  is  experi- 
enced in  adjufting  the  flat  furfaces, 
fo  that  they  may  lie  perfectly  pa- 
rallel. One  of  the  furfaces  in  my 
apparatus  is  that  of  a   large  hafin 
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of  quickfilver  :  over  this  a  ground 
plate  of  brafs  may  be  accurately 
fufpended  by  the  aid  of  a  common 
level.  The  edges  of  the  brafs  plate 
mould  be  carefully  rounded  off; 
nor  mould  they  hang  over  the 
edges  of  the  quickfilver  in  the 
bafin;  for,  when  thus  fituated,  they 
always  afford  an  eafy  circuit  to  the 
fluid. 

Half  an  inch  of  air  is  nearly  the 
greateft  diftance  through  which  the 
higheft  charge  can  be  made  to 
ftrike  in  thefe  circumftances. 

II.  From  one  point  to  another. 
—Some  care  and  trouble  are  re- 
quired to  keep  the  points  directly 
oppofite  to  each  other ;  for  fo 
many    motions    are    neceffary   in 
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working  the  machine,  and  in  ma- 
king the  difcharge,  that  fuch  a 
making  may  be  communicated  to 
the  points  as  will  materially  vary 
their  di (lances. 

To  prevent  the  caufe  of  this  in- 
accuracy, all  the  parts  of  the  in- 
ftrument,  Fig.  XXXI.  mould  be 
tightly  connected  with  each  other ; 
fo  that  the  effects  of  any  acci- 
dental motion  may  at  the  fame 
time  be  equally  communicated  to 
both  points.  To  approximate  as 
nearly  as  poffible  to  the  fame  de- 
gree of  exa€lnefs  in  both  points, 
I  generally  life  two  needles  of  the 
fame,  and  the  fmallefl  fize. 

I  never  could  make  the  higheft 

VOL.  II.  D 
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charge  of  any  jar  or  number  of 
jars  pafs  between  two  points  in 
air  over  a.  greater  ftriking  diftance 
than  five  inches  and  a  half. 

Through  the  fame  length  of  air, 
interrupted  by  feveral  wires  ter- 
minating in  points,  the  fame  charge 
would,  not  pafs. 


FIG.  XXXVL 

AB  reprefents  a  Ley  den  jar; 
D,  H,  the  pointed  termination  of 
the  metallic  circuit,  by  which  it 
is  difcharged  ;  ab,  cd,  ef,  are  finall 
pointed  wires,  fo  placed  that  the 
diflances,  Da,  be,  de,  taken  toge- 
ther, may  be  equal, to  five  inches 
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and  a  half.  In  this  cafe  the  phial 
could  not  be  difcharged  till  the 
ftriking  diftance  was  diminished  to 
three  and  a  half. 

I  compared  the  differences  be- 
tween the  refiftance  of  an  interval, 
circumftanced  as  in  the  figure,  with 
that  of  an  interval  without  the  in- 
tervening wires,  by  placing  them 
at  the  fame  time  in  the  two  cir- 
cuits provided  by  the  inflrument, 
Fig.  XXXI. 

The  Column,  Af  reprefents  the 
diftances  in  which  eight  points 
were  placed;  B,  the  diftances  in 
which  the  fluid  paffed  immediately 
from  one  point  to  another. 

d  2 
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By  placing  a  chain  in  one  in- 
terval, and  a  continued  piece  of 
wire  in  the  other,  the  preference 
given  by  the  fluid,  to  the  circuit 
through  the  wire,  is  a  ftriking  evi- 
dence of  the  great  refiftance  made 
by  every  chain,  even  when  its 
links  are  connected  by  as  much 
force  as  can  be  applied  to  them. 

Thefe  fa£ts  lead  us  to  expecl  a 
confiderable  varietv  in  the  refult 
obferved  by  any  two  experimen- 
talifts,  who  mould  attempt  to  make 
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the  fame  trials  with  different  ma- 
chines; for  it  is  fcarcely  poffible 
to  form  a  circuit  without  fome  in- 
terruptions fimilar  to  thofe  I  have 
juft  defcribed. 

This  caufe  of  anomaly  feems  to 
be  ftudioufly  improved  by  feveral 
mathematical  inftrument- makers, 
who  form  their  difcharging  rods  of 
a  chain  palling  through  a  bent  tube. 
This  contrivance  proceeds  from  the 
intention  of  amufing  the  eye,  by 
that  feries  of  brilliancies  which 
takes  place  during  the  difcharge 
along  the  internal  furface  of  the 
tube :  but  a  vaft  deal  of  force  is 
thus  loft ;  for  I  have  known  the 
refidue,  in  fome  inftances,  amount 
to  one-fourth  of  the  charge. 

d  3 
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It  was  a  pofition  maintained  by 
feveral  electricians,  during  the  con- 
tention about  points  and  balls,  that 
conducting  fubftances,  placed  in 
any  circuit,  acted  like  flepping- 
blocks,  and  conducted  the  elec- 
tric fluid  through  a  fpace  of  re- 
fitting medium,  much  longer  than 
it  could  otherwife  penetrate. 

Mr.  Wilibn  aliened,  that  at  each 
new  furface  there  was  an  additional 
obftruction,  and  afcribed  it  to  a 
certain  aetherial  aura,  which  is  dif- 
fufed  over  all  bodies.  I  do  not 
think  the  theory,  by  which  he  at- 
tempts to  explain,  is  ever  likely 
to  meet  with  that  evidence  by 
which  the  preceding  experiments 
juftify  his  affertion  as  to  fa6t.  It 
is  clear  that  his  fuppofed  obftrnc- 
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lion  takes  place  where  the  dimen- 
(ions  of  the  condu£ting  furface  are 
the  lead  poflible.  We  (hall  here- 
after fee,  that  by  increafing  thefe 
dimenfions,  we  proportionally  in- 
creafe  the  obftruction,  and  that  balls 
in  the  fame  fituation  mult,  as  ob- 
Jlruents,  be  much  more  powerful 
than  points. 

III.  The  paflage  of  the  fluid 
from  a  flat  furface  to  a  point. — -In 
my  experiments  on  this  fubject.  I 
always  fufpended  a  loofe  iron  wire 
over  an  extenfive  furface  of  quick- 
filver.  The  wire  is  kept  always 
perpendicular  to  the  quickfilver 
by  its  own  gravity.  The  infide 
of  the  jar  is  connected  with  the 
quickfilver,  the  outfide  with  the 
wire.  After  every  experiment,  the 
d  4 
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furface  of  the  mercury  is  to  be 
cleared  by  drawing  over  it  an  edge 
of  thick  pafteboard.  Without  this 
precaution,  a  number  of  conduct- 
ing fibrillar  will  be  dropped  from 
the  furrounding  atmofphere,  which, 
if  they  happen  to  reft  any  where 
within  the  ftriking  diftance  of  the 
wire,  will  aft:  as  points  in  conveying 
the  charge. 

I  have  obferved,  likewife,  that 
after  each  difcharge,  there  is  a 
black  fpeck  on  the  quickfilver, 
juft  oppofite  to  the  wire,  and  I 
have  fometimes  apprehended  that 
this  alteration  of  the  metallic  fur- 
face  was  followed  by  a  fmall  al- 
teration in  the  length  of  the  cir- 
cuit. 
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The  greateft  ftriking  diftance, 
through  which  a  full  charge  would 
pafs  from  a  flat  fur  face  to  a  point, 
was  one  inch  and  three-eighths. 

When  the  choice  of  two  circuits 
was  furnifhed  by  the  inftrument, 
Fig.  XXXI.  the  relative  diftances, 
at  which  the  fluid  would  prefer 
neither,  were  the  following : 


FLAT     SURFACE. 

POINTS. 

to  a  point. 

to  points 

K, 

?J 

s 

A 

ss 

ss 

F-i 

f"> 

j* 

1 

C>1 

2! 

fa 

3 

«n 

t  5 

4 

1  8 

a 

I 

X 

5 

When  the  flat  furface  was  placed 
oppofite  to  a  ball  three  inches  in 
diameter,  the  greateft  ftriking  dif- 
tance was  three-fourths  of  an  in  civ 
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IV.  From  balls  to  points. — A 
reprefents,  in  the  following  table, 
the  diameter  of  the  ball,  in  parts 
of  inches ;  B,  the  ftriking  diftance 
from  the  ball ;  and  C,  the  ftriking 
diftance,  when  it  preferred  the 
point  circumftanced  as  in  Figure 
XXXI. 


A 

B 

c 

7 

8 

si 

3f 

la 

3s 

3i 

2j 

■       2l 

81 

When  one  circuit  only  was 
open,  the  greatejl  Jlriking  diftance^ 
both  of  the  points  and  the  balls, 
was  much  increafed. 

In  the  following  table,  A  repre- 
fents the  diameter  of  the  ball ;  B, 
the  greatejl  Jlriking  diftance  of  the 
ball ;  and  C,  the  greatejl  Jlriking 
dijlance  of  the  points: 
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ABC 

I  4l  5 


The  fame  charge  was  ufed  in 
each  of  the  preceding  experiments, 
and  in  confequence  of  taking  in 
every  inftance,  the  higheft  charge 
poflible,  I  found  that  a  very  fmall 
difference  in  this  particular  was  at- 
tended with  a  very  fenfible  diffe- 
rence in  the  ftriking  diftances. — 
The  following  table,  therefore,  is 
defigned  to  (hew  the  varieties  re- 
fill ting  from  the  ufe  of  different 
charges. 

A,  in  the  table,  gives  the  dia- 
meter of  the  ball ;  B,  the  diftance 
which  the  fluid  paffes  over  from 
the    balls    as    cafily    as    from    the 


44  lectures  on 

points,  or  fo  as  to  divide  the 
charge  with  the  points,  when  at 
the  diftances  reprefented  by  C. 
In  D,  oppofite  to  the  the  refults, 
is  placed  the  quantum  of  the  charge 
in  grains  of  repulfion,  as  mea- 
fured  by  Brooke's  thermometer. 
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TABLE  II.  CONTINUED. 
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TABLE  II 

.  CONTINUED. 

A 

B 

c 

D 

2 

X 
2 

a 
0 
55 

1 

1 

4 

3 

8 

*5 

1 

2. 

5 

8 

30 

• 

1 

1 
2. 

1 

15 

1 

i 

1 

30 

1 

1 

3 

*5 

greateft  ftriking  diftance 
of  the  half  charge. 

1 

A* 

3 

3° 

1 

2 

4l 

30 

M 
0 

2; 

0 
55 

K 
2 

»i 

8 
16 

1  1 

16 

30 

O 

1 

a 

^ 

1 5  great  eft  ftriking  diftanct 

of  the  half  charge. 

O 

1 

lx36 

30 

O 

lz 

4 

30 

2 

'  X 
0 
2 

u 
2 

lj 

4- 
8 

6 

8 

3° 

O 

2, 

28 

*5 

great  eft  ftriking  diftanct 

ef  the  half  charge. 


ELECTRICITY.  47 


OBSERVATIONS. 

id,  The  preceding  experiments 
prove  that  the  nearer  a  ball  ap- 
proaches to  a  point,  the  greater  is 
the  ftriking  diftance;  for,  by  ex- 
amining the  tables,  we  find  that  a 
ball,  whofe  diameter  is  one-fourth 
of  an  inch,  will  convey  a  charge 
through  a  fpace  of  air  four  times 
longer  than  the  fpace  thro'  which 
the  fame  charge  can  be  conveyed 
by  a  ball,  whofe  diameter  is  one 
and  a  half,  or  fix  times  greater 
than  the  other. 

2d,  By  leffening  the  charge  in 
moft  cafes,  the  preceding  difference 
becomes  more  perceptible.  When 
the    ball    was   three-fourths  of   an 
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inch,  half  a  charge  would  pafs 
from  the  point  through  two  inches 
three-eighths  of  air,  rather  than 
through  half  an  inch  from  the  hall. 

3d,    The    feries   of  differences 
between  the  ftriking  diftances   of 
the  points,    and   the  balls   with   a 
full  charge^  are  the  following : 
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The  figures  in  column  A,  oppo- 
fite  to  each  feries,  reprefent  the 
diameters  of  the  balls,  and  the  fir  ft 
figure  in  each  feries  gives  the  dif- 
ference between  the    ftriking   dif- 
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tances  of  the  balls  and  points, 
when  that  of  the  balls  is  one  inch. 
You  will  obferve,  that  the  increafe 
in  the  differences  correfponds  with 
the  increafe  of  the  diameters  of 
the  balls,  and  that,  after  a  certain 
diftance  is  paffed  over,  the  dif- 
ferences increafe  much  more  ra- 
pidly than  thofe  of  the  lead  ftrikmg 
diftances.  I  call  your  attention 
to  thefe  particulars,  as  the  eafy 
explanation  of  them,  furnifhed  by 
the  theory  which  I  fhall  now  offer 
to  your  confideration,  is  a  pre- 
fumptive  proof  that  the  theory 
may  be  true. 


The  electrical  particles^  -which  are 
to  be  moved  previoujly  to  the  pajjagz 
vol.  11.  e 
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of  any  charge,  mufl  take  the  figure 
of  their  ftuati on  from  the  fi ape  of 
the  conducting  body  that  conveys  the 
charge. 


FIG.  XXXVII. 

ill,  If  the  charge  paries  from 
one  point  to  another,  or  from  a 
to  b,  they  will  lie  in  the  form  of 
a  cylinder,  whofe  bafisr  is  nearly 
the  furface  of  the  points,  and 
whofe  length  is  the  diftance  of  the 
points. 

FIG.   XXXVIII. 

2d,  If  the  charge  paffes  from  a 
round  flat  furface,  ab,  to  a  point, 
c,   then  the  fluid  to  be  removed 
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will  form  a  cone,  whofe  bafis  is 
the  flat  furface,  and  whofe  length 
will  be  meafured  by  a  perpendi- 
cular, drawn  from  c  to  the  furface. 


FIG.  XXXIX. 

3d,  If  the  charge  paffes  from  a 
furface,  ab,  that  is  fpherical,  then 
the  particles  to  be  removed  will 
be  a  folid,  abc,  whofe  bafis  are 
the  dimenfions  of  ab,  and  whofe 
altitude  is  a  perpendicular  let  down 
from  c  upon  a  tangent  to  ab. 

FIG.  XL. 

4th,  If  the  charge  paffes  from 
one   round  flat  furface  to  another, 

E   2 
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the  particles  to  be  removed  will 
be  the  cylinder,  A  BCD,  which 
will  approach  nearer  and  nearer  to 
a  cone,  as  CD  diminishes. 

If  the  preceding  flatement  be 
admitted,  to  determine  the  diffe- 
rent lengths  of  the  fpark,  we  have 
only  to  compare  the  different  di- 
menfions  of  the  preceding  figures ; 
for  the  refiilance  made  to  the  paf- 
fage  of  the  charge  will  be  exactly 
meafured  by  them. 

To  make  the  refinance  between 
the  two  points  equal  to  what  it  is 
between  the  two  flat  furfaces,  you 
mull  increafe  their  diftance  till  the 
number  of  particles,  lying  between 
them,  becomes  equal  to  the  num- 
ber exifting  between  the  two  fur- 
faces. 
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To  make  the  refiftance  between 
a  plane  and  a  point  equal  to  that 
which  meets  the  charge  between 
two  planes,  the  diftance  muft  be 
increafed  till  the  cone  of  particles 
that  forms  the  medium  in  the  one 
cafe  becomes  equal  to  the  cylinder 
that  forms  it  in  the  other. 

The  refults  of  our  experiments 
correfpond  very  much  with  the 
preceding  fpeculations. 

When  balls  are  ufed,  it  is  ob- 
vious that  as  their  fphericities  in- 
creafe,  they  approximate  to  a 
point,  and  confequently,  that  as 
they  approximate  to  a  point,  the 
length  of  the  fpark,  agreeably  to 
our  experiments,  muft  neceflarily 
increafe. 

*  3 
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I  will,  however,  beg  leave  to 
amplify  on  the  circumftances  of 
the  charge  in  its  paffage  from  a 
fpherical  furface,  as  I  wifh  to  ac- 
count for  fome  peculiarities  ob- 
fervable  in  the  feries  of  differences 
between  the  ftriking  diftances  of 
the  balls  and  points 


FIG.  XLL 

Let  the  point  which  is  to  receive 
the  charge  be  at  f,  the  apex  of 
the  figure  f  e  a  b  c  d  f,  and  let  the 
particles  within  its  limits  be  juft 
fo  much  as  the  power  of  one 
charge  can  move ;  then  it  is  clear 
that  they  will  be  moved  with  nearly 
as  much  eafe  as  a  line  of  the 
fame  number  of  particles.     If  the 
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point  be  moved  to  g,  then  the  fame 
power  will  be  neceffary  to  move  the 
particles  contained  in  the  fig.  gcd, 
as  is  equal  to  the  removal  of  a  line 
of  the  fame  number  of  particles, 
and  the  differences  of  the  lines  will 
be  nearly  as  the  dimenfions  of  the 
figures  to  each  other.  But  as  all 
fuch  figures,  having  the  fame  bafes, 
are  in  the  proportion  of  their  al- 
titudes, we  have  flill  to  find  the 
reafon  why  the  difference  between 
the  effecls  of  the  balls  and  points 
become  greater  and  greater,  as  the 
diflances  increafe;  and  why,  at  a 
a  certain  diftance,  the  preference 
given  to  the  points  becomes  at 
once  much  greater  than  at  any 
other  diftance. 

lft,  It  is  obvious  that  the  par- 
e  4 
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tides  in  the  line  o  f,  Fig.  XLI.  are 
moved  with  greater  eafe  than  the 
particles  in  the  line  ef;  for  the 
diftance  is  fhorter,  and  in  cafe 
there  was  fluid  enough  in  the  line 
o  f,  then  no  particles  would  be 
removed  from  e  f ;  but  when  this 
cannot  happen,  then,  to  anfwer 
the  demands  of  the  charge,  the 
extent  of  that  furface  mult  be  in- 
creafed,  from  which  an  equal  por- 
tion of  the  fluid  is  removed,  in 
order  to  make  way  for  that  which 
is  on  its  paffage  :  in  other  words, 
the  bafe,  eo,  mud  be  enlarged  in 
proportion  to  the  magnitude  of  the 
charge. 


But  in  fuch  a  cafe,  independent 
of  the  refiftance  caufed  by  in- 
creafing  the  number  of  moveable 
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particles,  there  is  another  refin- 
ance which  takes  place,  owing  to 
the  increafmg  lengths  of  e  g,  or 
e  f,  whofe  extreme  particles  are 
difplaced  with  greater  difficulty 
than  thofe  which  are  fituated 
nearer  the  point  f.  It  is  hence 
obvious,  that  the  further  you  re- 
move your  point  f,  the  more  you 
magnify  the  fecond  caufe  of  re- 
fiftance  which  I  have  fpecified, 
and,  confequently,  the  larger  mufl 
the  differences  be  between  the 
ftriking  diftances  of  the  fame 
charge. 

From  the  rcafoning  I  have  now 
employed,  we  may,  I  think,  eafily 
perceive  why  the  differences  in 
the   ftriking   diftances,   when    low 
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charges  are  ufed.  are  fo  rapid  in 
their  increafe. 


But,  2dly,  When  you  remove 
the  point  beyond  the  greateft 
ftriking  diftance  of  a  ball,  or  be- 
yond f,  Fig.  XLI.  the  debili- 
tating influence  of  having  two  cir* 
cuits  open  at  once  is  done  away, 
and  the  charge  paffes  from  one 
point  to  another 1,  juft  as  if  one  paf- 
fage  only  were  open  to  the  fluid  : 
confequently,  beyond  f,  the  dif- 
ference between  the  ftriking  dif- 
tance of  the  points  and  ball  muft 
be  great  in  proportion  to  the  de- 
crease caufed  by  keeping  two  cir- 
cuits open  at  the  fame  time. 

There  is  but  one  Angularity  in, 
the  preceding  experiments,  to  which 
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the  explanation  I  have  given  does 
not  apply.  From  them  it  appears, 
"  that  pieces  of  metal,  introduced 
into  an  interval  of  air,  fhorten  the 
ftriking  diftance,  though  each  piece 
of  metal  be  terminated  with  the 
accuteft  point."  There  is  certainly 
fome  refiftance  in  the  metal :  but 
this  is  not  fufficient  to  account  for 
the  effect,  as  the  charge  will  pafs 
through  a  quantity  of  metal  much 
greater  than  that  ufed  in  the  expe- 
riment, rather  than  through  a  fpace 
of  air  equal  to  the  diminution 
caufed  in  the  interval  of  the  cir- 
cuit. In  cafe  the  charge,  when 
pafling  from  one  point  to  another, 
removed  no  particles  but  thofe 
which  are  fituated  in  a  ftraight 
line  between  the  points,  then  I 
fhould   fuppofe  that  the  interven- 
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tion  of  the  metal  could  caufe  no 
difference  :  but  the  reality  is  what 
I  have  before  ftated.  The  par- 
ticles removed  are  a  cylinder, 
whofe  bafis  is  confiderably  larger 
than  the  dimenfions  of  the  point. 
Nothing  proves  this  more  clearly, 
than  the  track  marked  out  upon 
glafs  by  the  charge.  It  is  always 
a  broad  (trip,  and  may  be  con- 
iidered  as  giving  the  diameter  of 
the  figure  made  by  the  fluid  in  its 
paffage.  But  if  there  be  a  diver- 
gency at  each  diftincl  point,  there 
muft  be  a  correfpondent  lofs  of 
force,  and,  however  fmall  that  lofs, 
it  is  obvious  that  it  will  increafe  as 
the  number  of  points  increafes. 
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THE  CONDUCTING  POWER  OF  WATER. 

In  our  inveftigation  of  the  con- 
ducting powers  of  water  and  other 
fluids,  we  fhall  attend  to  the  fol- 
lowing objecls  : 

iff,  The  refijlance  made  by  co- 
lumns of  them,  differing  both  in 
length  and  diameter. 

For  this  purpofe,  I  placed  tubes 
of  different  dimenfions,  filled  with 
the  feveral  fluids,  in  the  two  cir- 
cuits afforded  by  the  inftrument 
defcribed  in  Fig.  XXXI.  The 
bore  of  the  tube  determined  its 
diameter,  and  two  wires,  inferted 
through    the   extremities,    enabled 
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me  to  regulate  the  length  of  the 
column. 


The  refiftance  I  eftimated  from 
a  comparifon  of  the  interval  of  air 
through  which  the  fluid  would  pafs, 
after  having  gone  thro'  the  water, 
with  that  interval  of  air,  which  the 
very  fame  charge  would  pafs  thro', 
when  conveyed  by  metallic  con- 
ductors. The  method  of  placing 
the  tubes  in  the  circuit,  is  the  fol- 
lowing. 

FIG.  XLIL 

ABCD  is  part  of  the  inftrument 
reprefented  in  Fig.  XXXI.  In 
the  brafs  rod,  extending  from  A 
to  B,  two  holes  are  made,  large 
enough  for  the  infertion  and   eafy 
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motion  of  the  tubes,  which  may 
be  kept  fteady,  in  any  given  fitu- 
ation,  by  little  wedges  of  wood, 
forced  into  the  fpace  between  the 
fide  of  the  tube  and  the  brafs.  BC 
and  AB  are  two  glafs  ftems  fixed 
into  the  balls  A  and  B,  and  fupport- 
ing  the  wire  PO,  againft  which  the 
wires  prefs,  that  enter  the  water. 
The  wire,  which  the  difcharging- 
rod  meets  in  its  circumvolution, 
is  removed  to  O ;  for,  by  receiv- 
ing the  fluid  in  this  fituation,  it 
conveys  it  through  the  tube,  either 
to  the  points  H  or  F,  where  the 
preference  given  by  one  of  the 
two  circuits  is  meafured.  The 
beft  wires  you  can  ufe  in  thefe  ex- 
experiments  are  thofe  of  which 
needles  are  made.  You  may  fit 
them  to  the   orifices,  fo  as  to  be 
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perfectly  tight,  by  twitting  around 
them  a  fine  thread  of  cotton  or 
filk.  The  orifices  rauft  be  flopped 
up  with  bees-wax,  when  the  tubes 
are  filled  with  the  acids. 

2dly,  In  the  preceding  method, 
when  the  points  which  enter  the 
water  are  at  certain  di  fiances  from 
each  other,  a  part  only  of  the 
charge  paffes  through.  But  when 
the  points  of  the  wires  approximate 
within  that  diflance,  the  whole 
charge  paffes  through  with  great 
brilliancy  of  light,  and  with  a  vio- 
lent difperfion  of  the  glafs.  But 
the  varieties  of  diflance,  at  which 
thefe  effecls  take  place  in  diffe- 
rent fluids,  are  determined  by  their 
conducing  powers;  it  fhall,  there- 
fore, be  our  next  objecl  to  afcer* 
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tain  thefe  dijlances  in  a  few  out  of 
the  many  diverfities  of  circum- 
ftances  which  might  be  examined. 

3clly,  Every  body  is  expanded 
by  the  paffage  of  the  electric  fluid. 
Its  degree  of  expanfion  muft,  as 
I  have  already  obferved  to  you. 
depend  upon  its  conducting  power. 
We  fhall,  therefore,  attempt  to 
meafure  it,  and  to  fpecify  thofe  va- 
rieties which  proceed  from  diffe- 
rence of  charges,  and  from  fome 
other  active  circumftances  that 
occur  in  thefe  experiments. 

4thly,  The  quantity  of  electric 
fluid,  which  is  conveyed  through 
any  body,  muft  be  leffened  in  a 
certain  proportion  to  the  refiftanee 
made  by  that  body.    The  quantity 

VOL.    II.  F 
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left  in  the  jar,  therefore,  will  be 
increafed  or  diminifhed,  as  the  re- 
finance is  increafed  or  diminifhed. 
In  other  words,  to  determine  the 
conducting  powers  of  bodies,  we 
ihould  endeavour  to  meafure  the 
different  refidues  that  are  left  in 
the  jars  after  the  difcharge,  when 
different  bodies  are  placed  in  the 
circuit. 

5thly,  The  power  of  certain 
fluids,  when  fpread  over  extenfive 
furfaces,  to  lengthen  the  ftriking 
diftance  of  the  charge,  is  no  other 
than  their  conducting  power.  We 
fhall  confequently  attend  to  its  va- 
rious effects,  and,  if  poffible,  to 
afcertain  the  circumftances  by 
which  they  are  diminifhed  or  mag- 
nified. 


ELECTRICITY.  67 

I.  The  experiments,  whofe  re- 
fill ts  are  given  in  the  following 
table,  were  made  with  tubes  whofe 
diameter  was  one-eighth  of  an 
inch. 

A  reprefents,  in  inches,  the  length 
of  one  of  the  two  columns  which 
are  placed  in  the  fame  circuit.  B 
reprefents  the  length  of  the  other 
column ;  C,  the  ftriking  diftance 
in  air,  when  it  preferred  patting 
through  the  fhorteft  column ;  D, 
the  ftriking  diftance  in  air,  when 
it  preferred  pairing  through  the 
longeft  column.  The  charge,  in 
every  experiment,  was  the  famey 
and  the  higheft  the  glafs  would 
bear ;  and  I  give  that  limit  of  the 
preferences  within  which  the  charge 
divided  into  two  ft  reams-. 

¥    2 
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A       B       C        D 

lO  1  2  1 

5        i       to       i 

When  one  of  the  tubes  was  taken 
away,  and  a  fingle  circuit  only  al- 
lowed for  the  charge,  the  greateft 
ftriking  diftance,  through  a  column 
five  inches  long,  was  two  inches 
and  one-tenth ;  through  a  column 
ten  inches  long,  it  was  one  inch  and 
a  half. 

The  preceding  refults  are  the 
confequence  of  examining  one  co- 
lumn of  water  with  another.  The 
following  are  the  refults  of  com- 
paring the  intervals  of  air  which 
the  charge  preferred,  when  one  of 
the  circuits  was  formed  by  metal 
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terminating    in    points,     and    the 
other  by  a  column  of  water. 

The  diameter  of  the  tube  one- 
eighth  of  an  inch.  A  reprefents 
the  diftance  of  the  points  in  water; 
B,  the  ftriking  diftance  when  it 
preferred  the  water;  C,  the  ftri- 
king diftance  when  it  preferred  the 
metal. 

ABC 


1 
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When  the  diameter  of  the  tube 

was  one-iixteenth  of  an  inch,  the 

wires  in  the  water  were  brought  fo 

as  to  be  three-tenths  only  of  an 

F  3 


70  LECTURES     ON 

inch  diftant  from  each  other.  In  that 
cafe,  the  fluid  would  prefer  paffing 
through  its  greateft  diftance  in  air, 
rather  than  through  the  water, 
though  no  interval  of  air  was  left  in 
the  fame  circuit  with  it. 

If  the  diftance  of  the  points  in 
the  water  were  half  an  inch,  and 
no  interval  of  air  in  the  fame  cir- 
cuit, the  charge  would  ftrike 
through  two  inches  of  air,  rather 
than  through  the  water. 

II.  In  the  following  table  are  re- 
prefented  the  comparative  diftances 
preferred  by  the  charges  when  two 
circuits  are  opened;  in  one  of 
which  the  points  within  the  water 
are  brought  within  the  ftriking  lu- 
minous diftance  of  each  other,  or 
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diat  diftance  at  which  the  charge 
breaks  the  glafs.  In  the  other,  the 
communication  is  perfectly  metallic, 
excepting  the  interval  of  air  which 
meafures  the  refiftance. 

A  reprefents  the  diftance  of  the 
points  in  water;  B,   their  diftance 
in  air.     Tube,   one-eighth    of    an 
inch  in  diameter. 


B 


*  •%<& 


% 


Tube,  one-fixteenth  of  an  inch 
in  diameter. 

A  B 

When  the  points  are  removed 
f  4 
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to  a  diftance  in  the  water,  exceed- 
ing three-tenths  of  an  inch,  the 
glafs  cannot  be  broken  by  any 
charge. 

III.  The  conducting  power  of 
water,  when  meafured  by  the  ex- 
panfive  force  of  the  charge,  may 
be  examined  by  two  methods. 

ift,  The  charge  may  be  con- 
veyed through  water,  and  the  ex- 
panfion  caufed  in  an  interval  of 
air,  placed  in  the  fame  circuit, 
may  be  meafured. 

I  have  made  this  experiment 
in  circumftances  the  mod  advan- 
tageous to  the  water,  and  I  found 
that,    after   a   charge   had    paffed 
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through  a  veffel  containing  feveral 
gallons  of  water,  the  expanfion  it 
caufed  in  the  interval  of  air  was 
about  one-fixth  of  what  took  place 
when  the  water  was  not  in  the  cir- 
cuit. 

2dly,  The  charge  may  be  con- 
veyed through  the  water,  and  the 
expanfion  caufed  in  the  water  it- 
felf  may  be  examined,  by  means 
of  the  inftrument  defcribed  in  Fig. 
XXXV.  When  the  points  were 
about  half  an  inch  diftant  from 
each  other,  and  the  cavity  con- 
taining the  water  was  a  cylinder, 
whofe  altitude  and  diameter  were 
each  one  inch,  the  expanfion 
produced  by  the  explofion  did  not 
exceed  a  fortieth  part  of  what  the 
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fame  charge  produced  in  the  fame 
dimenfions  of  air. 

IV.  The  following  table  gives 
the  refults  of  thofe  experiments  in 
which  I  have  meafured  the  con- 
ducting power  of  water  by  the  re- 
sidues of  charges. 

A  gives  the  diameter  of  the 
tube  containing  the  water;  B,  the 
diftance  of  the  points  in  the  water; 
C,  the  interval  of  air  in  the  fame 
circuit  with  the  water;  D,  the  in- 
terval of  air  through  which  the  re- 
sidue would  ftrike.  All  the  figures 
referred,  inches  or  their  parts. 
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There  are  fome  anomalies  in  the 
preceding  experiments,  which  I 
could  not  avoid.  An  examination 
of  them,  however,  muft  difcover 
to  you,  that  the  ftriking  diftances 
of  the  firft  difcharges  may  be  equal, 
and  yet  their  refidues  different;  or 
that  the  fame  quantity  of  electricity 
is  not  neceffary  in  all  cafes  to  pro- 
duce the  fame  efre£L 

V.  The  relation  of  their  con- 
ducting power   to  the  furface,    or 
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a  thin  lamen  of  water,  is  next  to 
be  examined. 

ift,  If  a  ftrip  of  water  be  drawn 
over  a  furface  of  glafs,  with  due 
care  that  all  parts  of  it  be  conti- 
guous to  each  other,  the  fame 
charge  will  pafs  over  three  times 
the  length  on  this  ftrip,  which  it 
would  ftrike  through  from  one 
point  to  another  in  air. 

adly,  If  this  ftrip  were  widened, 
fo  as  to  cover  a  furface  ten  inches 
fquare,  the  length  of  the  ftriking 
diftance  would  not  be  altered- 

3dly,  When  the  water  is  more 
than  half  an  inch  deep,  it  does  not 
ftrike  to  fuch  a  diftance  as  when 
it   is  thinly   fpread;    I    found   the 
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difference  to  be  nearly  that  of  ele- 
ven to  nine. 

In  the  preceding  experiments, 
the  metallic  points  were  always 
placed  on  the  furface  of  the  water, 
and  that  only  was  confidered  as  a 
perfect  difcharge,  whofe  noife  and 
brilliancy  were  exactly  fimilar  to 
thofe  of  the  fluid's  paffage  through 
air. 

I  conclude  my  experiments  on 
the  conducting  powers  of  water,  by 
examining  whether  the  different 
termination  of  metallic  bodies  that 
are  immerfed  in  it,  produce  vari- 
eties in  the  finking  diftance,  fi- 
milar to  thofe  obfervable  in  air. 

Dr,  Prieftley's  attention   was  fe- 
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veral  years  ago  attracted  by  that 
ftar  which  appears  on  the  furface, 
when  the  point  that  conveys  the 
fluid  is  fufpended  juft  over  the 
water.  This  appearance  will  be 
found,  by  clofe  examination,  to 
confift  of  feveral  radii,  diverging 
from  the  part  over  which  the  point 
hangs,  and  refults  evidently  from 
the  effort  of  the  charge,  in  confe- 
quence  of  finding  too  much  re- 
ftftance  in  the  fpace  juft  below  it, 
to  fecure  other  paffages  of  lefs  re- 
fiftance.  I  therefore  concluded, 
that  if  the  metal  touched  every 
part  of  the  furface  where  the  ftar 
was  vifible,  die  paffage  of  the 
charge  would  be  ncceffarily  facili- 
tated, and  that  in  water  the  elec- 
tric fluid  would  ftrikc  rather  from 
a  plane  than  a  point.     This  Ls  cx~ 
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a£Hy   the   reverfe   of   what   takes 
place  in  air. 

Exfit.  Two  cylindrical  glafs  vef- 
fels, whofe  diameter  equalled  four^ 
and  altitude  three  inches,  were 
filled  with  water.  The  bottom  of 
one  of  the  veffels  was  a  plate  of 
brafs  ;  that  of  the  other  was  made 
of  a  non-conducting  fubftance, 
having  a  pointed  wire  pafling 
through  the  centre.  I  took  care 
that  the  diftances  between  the  con- 
ducting terminations  in  both  mould 
be  exa&ly  equal,  having  previoufly 
placed  on  the  furface  of  the  water 
in  the  veffel  a  plate  and  a  metallic 
point.  Both  the  veffels  were  fitu- 
ated  according  to  the  directions 
given  for  the  ufe  of  the  inftrument 
defcribed  in  Fig.  XXXI.     By  re- 
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peated  trials  I  found  that  the  fame 
charge  would  always  prefer  pafling 
thro'  the  water  which  was  bounded 
by  two  planes.  The  difference  of 
refiftance,  however,  in  the  diffe- 
rent veffels  could  not  be  very  con- 
fiderable ;  for  I  found  that  the 
lead  alteration  in  the  length  of  the 
air  interval,  through  which  the 
charge  paffed  after  it  had  ft  ruck 
through  the  water,  gave  the  pre- 
ference to  either  of  the  circuits. 

In  the  preceding  experiments  I 
gave  a  certain  degree  of  attention 
to  the  temperature  of  the  water  > 
for  I  discovered  that  varieties  in  this 
circumftance  were  productive  of 
varieties  in  the  conducting  power. 
I  generally  took  care  that  water 
mould  raife  Fahrenheit's   thermo- 
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meter  to  6o°.  The  relation  of 
the  temperatures  to  the  conducting 
powers  of  fluids  opens  a  wide  field 
of  enquiry,  and  thofe  who  wifli 
to  purfue  it  will  feel  the  neceffity 
of  much  toil  and  invention  in 
adapting  their  apparatus  to  their 
purpofes. 

In  the  progrefs  of  fome  expe- 
riments which  I  made  on  boiling 
water,  I  found  the  conducting 
power  to  be  fo  much  increafed,  as 
fcarcely  to  admit  the  poffibility  of 
making  any  charge  luminous  in  its 
pafiage  through  the  heated  me- 
dium, though  the  points  of  the  in- 
ferted  wires  were  brought  almoft 
into  contact,  with  each  other. 

VOL.    II.  G 
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The  pulverized  particles  of  non- 
conducting fubftances,  when  fuf- 
pended  in  water,  produce  no 
change  in  the  conducting  power. 
If  the  water  be  confined  in  a  fmall 
fpace,  they  operate  by  leflening 
the  dimenfions  through  which  the 
charge  can  pafs.  My  experiments 
Were  chiefly  made  on  wet  fand. 
When  a  quantity,  moiftened  into 
the  confiftence  of  a  thick  fyrup, 
was  put  into  a  tube  about  half 
an  inch  in  diameter,  the  charge 
which  paffed  thro'  was  very  faint, 
and  not  equal  to  one-tenth  of  what 
pa{Ted  through  a  metallic  commu- 
nication. 

The  quantity  of  acid  or  faccha- 
rine  matter,  contained  in  the  juice 
of  trees  or  plants,  is  in  general  fo 
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imall,  that  their  conducting  power 
is  not  at  all  fuperior  to  that  of  the 
water  they  contain.  Hence  pro- 
ceeds the  impoffibility  of  convey- 
ing any  charge  through  twigs  and 
branches,  without  lacerating  their 
feveral  parts,  or  without  bringing 
the  metallic  points  within  a  dif- 
tance  of  each  other,  much  infe- 
rior to  that  through  which  the  fame 
charge  would  ftrike  in  air.  For  in 
plants,  and  moft  other  vegetables, 
the  juices  circulate  in  canals  that 
are  capillary,  and  water  is  fo  far 
from  admitting  a  charge  to  pafs 
through  it  in  a  capillary  tube, 
that  it  will  fcarcely  ferve  as  a  cir- 
cuit when  the  diameter  of  the  tube 
is  one-fixteenth  of  an  irfch.  It 
fhould  be  obferved,  that  the  moift, 
(mail  furface  of  twigs  and  bran- 
g  2 
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dies,  which  lies  juft  under  the 
bark,  lengthens  the  ftriking  dil- 
tanee  very  confiderably. 

From  the  refults  and  circum- 
ftances  of  the  experiments,  which 
relate  to  the  conducting  power  of 
water,  we  may,  I  think,  be  fur- 
nifhed, 

lft,  With  the  explanation  of  a 
fact,  whofe  fingularities  have  en- 
gaged the  attention  of  feveral  elec- 
tricians, and  more  particularly  of 
Mr.  Henley,  who  has  detailed  the 
circumflances  of  it  very  minutely 
in  the   Philofophical  Tranfactions. 

When  the  mafts  of  mips  have 
been  damaged  by  lightning,  the 
fluid  has  always  paffed  over  that 
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part  which  was  painted  or  covered 
with  a  coating  of  lamp-black  and 
oil.     This  peculiarity  is  analogous 
to   the   preference    given    by    the 
electric  fluid  to  a  paffage  over  a 
wet  furface,  rather  than  through  a 
body  of  wet  wood.     The  mafts  of 
mips  are  made  of  deal,  which,  not- 
withstanding   its    refmous    impreg- 
nation,  will    abforb  thirftily  what- 
ever moifture  falls  upon  it.     The 
fame   moifture    is    retained   exter- 
nally by  oily  furfaces.     The  lights 
ning,  therefore,  when  finking  near 
fuch  a  furface,    mull  find    lefs  re- 
fiflance  in  its  paffage  over  it,  than 
in  forcing  its  way  through  the  ca- 
pillary canals  of  the  wet  wood. 

2dly,     We    may,    by    the    pre- 
ceding   experiments,    account    for 

c  3 
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a  fingular  appearance  which  at- 
tends the  fplitting  of  trees  by  light- 
ning. In  cafes  of  this  kind,  the 
bark  is  dripped  off,  even  to  the  ex- 
tremities of  tire  minuted  branches; 
for  the  electric  fluid,  directed  by 
the  conducting  power  of  the  wet 
furface  that  lies  under  the  bark, 
paffes  over,  and,  by  its  expanfive 
force,  necefTarily  produces  the  de~ 
fcribed  effect. 

gdly,  In  fome  of  the  few  in- 
dances  of  the  deVadations  attend- 
ing a  thunder-dorm,  which  I  have 
been  able  to  examine,  thofe  who 
were  immediate  fpectators  of  the 
events,  have  allured  me,  that  at 
the  indant  of  the  droke,  the  whole 
furface  of  the  ground  feemed  to 
be  in  a  blaze.     I  fatisfied  myfelf 
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with  confidering  this  appearance 
as  the  reflexion  of  the  flafh. 
whofe  brilliancy  would  be  natu- 
rally brightened  by  terrified  ima- 
ginations. In  one  of  the  inftance^ 
I  allude  to,  however,  the  fpecta- 
tor  defcribed  the  ground  as  fwim- 
ming  in  the  rain  which  had  pre- 
vioufly  fallen.  I  have,  therefore, 
fufpected  that  the  lightning  took 
its  courie  over  the  wet  furface, 
and  in  that  cafe,  the  brilliancy 
would  exactly  refeaible  that  which 
is  difplayed  when  the  charge  is 
conducted  over  wet  glafs. 

I  could  have  lengthened  my 
detail  of  experiments  on  the  con- 
ducing power  of  water ;  but  I  ap- 
prehend that  I  have  already  tref- 
paffed  on  the  allowance  due  to  a 
g  4 
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public  lecturer.  I  muft  likewife 
acknowledge  that  many  of  the  ex- 
periments, which  I  have  repeated 
before  you,  are  attended  with  very 
puzzling  anomalies,  arifmg  from 
fome  undifcovered  imperfection  in 
the  apparatus  with  which  they  were 
made.  But  as  I  have  led  you  into 
the  track,  I  hope  you  will  moft 
fuccefsfuily  urge  the  purfuit.  The 
defiderata,  which  you  mould  have 
in  view,  are  the  following : 

lft,  To  meafure  the  refidues  of 
jars  by  their  expanfive  force,  I 
have  done  it  only  by  their  ftriking 
diftances. 

2d,  To  meafure,  in  a  great 
variety  of  inftances,  the  diverfity 
of  effect,  which  depend  on  altering 
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the  dimenfions  of  the  tubes,  I  have 
done  it  only  in  a  few,  and  I  have 
not  applied  the  expanfive  force  to 
thefe  cafes.  It  ftrikes  me,  that  a 
diligent  inveftigation  of  the  object 
I  am  now  recommending  to  you 
may  lead  us  to  an  acquaintance 
with  fome  general  law  of  the  re- 
ft fiance  made  by  water  to  the  elec- 
tric fluid. 

3d,  I  have  generally  ufed  the 
fame  charge  in  my  experiments. 
Much,  I  think,  may  be  learned 
from  varying  the  charges. 

4th,  My  experiments  on  wet 
furfaces  are  very  particular ;  they 
might  be  much  improved,  I  think, 
by  attending  more  minutely  to 
quantities,  and  by  placing  different 
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quantities  in  the  circuit,  fo  that  the 
refiftance  caufed  by  this  difference 
may  be  meafured  accurately. 


SPIRITS  OF  WINE. 

In  determining  the  conducting 
power  of  this  fluid,  the  method 
I  obferved  was  exaclly  the  fame 
with  that  which  I  followed  in  my 
experiments  on  water. 

I.  I  compared  the  finking  dif- 
tances  of  the  charge,  when  con- 
veyed through  columns  of  diffe- 
rent dimenfions,  or  through  tubes 
rilled  with  fpirits,  and  varying  in 
length  and  diameter. 

A  reprefents  the  diftance  of  the 
points  in   the    tube;   B,  their  dif- 
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tance  in  the  interval  of  air  through 
which  the  charge  ftrikes.  Tube, 
one-fixteenth  of  an  inch*. 


B 


3  ** 

4  li 


In  the  firft  of  the  preceding  ex- 
periments, the  colour  of  the  charge 
in  its  paffage  was  yellowifh.  Its 
courfe,  likewife,  was  undivided, 
and  without  any  ramifications.  In 
the  firft  experiment  alone,  I  mould 
therefore  confider  the  charge  as 
pafling  by  one  effort;  for  in  the 
other,  the  colour  of  the  flam  was 
always  purple.  The  courfe  had 
the  appearance  of  a  ftream,  and 
when  the  points  were  diftant  four 
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inches  from  each  other,  it  was  vi- 
fible  only  at  its  extremities.  Tube3 
one-eighth. 


A 

B 

i 

2^ 

2 

!* 

3 

*4 

Tube, 

one-fourth 

A 

B 

i 

33 

2 

h-f. 

o 

.1 

ll 

I  compared  the  conducting  power 
of  fpirits  of  wine  with  that  of  water, 
by  opening  two  circuits,  in  one  of 
which  I  placed  a  tube  filled  with 
water;  in  the  other,  a  tube  of  the 
fame  dimenfions,  filled  with  fpirits. 
The  diftance  of  the  conducting 
points  in  both  was  always  equal  to 
one  inch. 
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A  reprefents  the  ftriking  diftance 
through  the  fpirits ;  B,  the  ftriking 
diftance  through  the  water.  Tube, 
one-fixteenth. 


fi 


** 


Tube,  one-eighth. 


Tube,  one-fourth. 

.       ii  2 

v  In  mod  of  the  preceding  cafes, 
when  the  diftances  were  exactly 
what  they  are  reprefented  to  be  in 
the  table,  the  charge  divided  into 
two  ftreams;  that  which  paffed 
through  the  fpirits  of  wine  was 
fcarcely  vifible,  while  the  other 
was    of  a    bright,    yellow    colour, 
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and   attended   with    a   very    faint 
found. 

II.  When  I  conveyed  a  charge 
through  fpirits  of  wine,  fpread  on 
the  furface  of  glafs,  the  ftriking 
luminous  diftance  never  exceeded 
five  inches  in  length. 

When  two  circuits  were  opened 
on  the  fame  furface  of  glafs,  one  of 
which  was  formed  by  a  drip  of 
water  one-fourth  of  an  inch  acrofs 
the  other,  by  a  ftrip  of  fpirits  of 
wine  of  the  fame  dimenfions,  the 
charge  would  ftrike  moil  brightly 
luminous  over  eight  inches  on  the 
water,  rather  than  over  four  inches 
and  a  half  on  the  fpirits  of  wine. 

III.  A  reprefents   the  breaking 
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diftance  of  the  charge  in  tubes  of 
fpirits  of  wine ;  B,  the  ftriking  dif- 
tance in  the  interval  of  air,  when 
the  reft  of  the  circuit  is  metallic. 
The  two  circuits  are  open  at  the 
fame  time,  and  there  is  no  interval 
of  air  in  that  formed  by  the  fpirits. 
Tube,  one-fixteenth. 


3 
x  o 


Tube,  one-eighth. 


When  one  circuit  only  was  open, 
the  greater!  breaking  diftance  in 
the  tube,  one-eighth  of  an  inch  in 
diameter,  was  five-tenths. 

IV.  I  meafured  the  refidue  left 
in   the  jar,  when   the  charge  bed 
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been  paffed  through  a  tube  of  one- 
fixteenth  of  an  inch  in  diameter, 
filled  with  fpirits.  The  conducting 
points  were  one  inch  diftant  from 
each  other,  and  the  ftriking  dif- 
tance  of  the  refidue  was  one  inch 
and  a  quarter.  The  refidue  of  the 
very  fame  charge,  when  it  had 
paffed  through  water  of  the  fame 
dimenfions,  {truck  through  one- 
third  of  an  inch  of  air.  The  ex- 
panfion  caufed  by  the  former  re- 
fidue was  near  three  times  greater 
than  that  caufed  by  the  latter. 

V.  I  filled  a  tube  with  fpirits 
of  wine,  whofe  diameter  was  half 
an  inch.  The  conducting  points 
which  I  placed  in  it  were  ten  inches 
diftant  from  each  other.  The 
charge  which  paffed  through   this 
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column  did  not  produce  one- 
fiftieth  the  expanfion  which  the 
fame  charge  caufed  in  a  metallic 
circuit. 

When  the  tube  was  filled  with, 
water,  the  expanfion  was  rather 
greater,  but  the  difference,  taken 
from  an  average  of  many  refults, 
was  too  fmall  to  be  eftimated  with 
any  accuracy.  When  I  attempted 
to  meafure  the  expanfion  caufed 
in  the  fluids  themfelves  by  the 
charge,  I  experienced  a  fimilar  ap- 
proach to  equality. 

OBSERVATIONS, 

lft,  The  breaking  or  luminous 
diftance  is  always  leffened  by  en- 
larging the  diameter  of  the  tube* 

vol.  11.  h 
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This  is  partly  the  confequence  of 
increafing  the  diameter  of  the  me- 
dium in  the  one,  while  you  in- 
creafe  its  length  in  the  other  cafei 
It  is  partly,  moreover,  the  con- 
fequence of  adding  to  that  con- 
ducting power,  which,  in  the  larger 
tube,  would  have  conveyed  a  part 
of  the  charge  invifibly,  and  almoft 
infenfibly.  But  as  this  part  is  in- 
creafed,  that  quantity  of  the  elec- 
tric fluid  is  diminifhed,  by  whofe: 
refiflance  and  attendant  expanfion 
the  glafs  is  broken.  We  mall  fee 
hereafter,  that  a  few  particles  of 
acid,  introduced  into  the  fpirits, 
would  produce  the  fame  effe£t  as 
that  of  increafing  the  diameter  of 
the  tube. 

2d,     The  refults  vary  with  the 
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Ipecific  gravity  of  the  fpirits;  that 
which  approaches  nearefl  to  pure 
alcohol,  is  the  worft  conductor.  I 
commonly  employed  the  fpirits  as 
they  are  fold  by  the  druggifts,  and 
I  found  little  or  no  variety  in  their 
fpecific  weight. 

VITRIOLIC  iETHER. 

What  I  ufed  floated  on  water, 
and  was  carefully  cleared  by  an  al- 
kali of  all  the  acid  which  it  might 
otherwife  have  contained. 

I.  No  charge  could  be  made  to 
pafs  through  columns  one-fix- 
teenth  and  one-eighth  of  an  inch 
in  diameter,  till  the  conducting 
points  approached  within  the 
breaking  or  luminous  diftance. 

H   2 
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II.  A  reprefents  the  breaking 
diftance  in  aether;  B,  the  corre- 
fpondent  Unking  diftance  in  air, 
when  two  circuits  were  opened. 
Tube,  one-fixteenth. 

A  B 

2  lO 

Tube,  one-eighth. 


The  greateft  breaking  diftance 
in  a  tube,  one  eighth  of  an  inch  in 
diameter,  was  one  two-tenths  of  an 
inch. 

III.  When  the  charge  was  made 
to  pafs  through  a  certain  breaking 
diftance,  the  greateft  expanfion 
produced  within  that  diftance  was 
about  one-fourth  of  what  the 
fame  charge  would  produce  in  air. 
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OBSERVATIONS. 


lit,  In  experiments  on  the  ex- 
panfions,  both  of  fpirits  of  wine  and 
aether,  a  quantity  of  vapour  is 
formed,  and  a  change  of  tempe- 
rature produced.  I  have  there- 
fore found  it  neceffary  to  make 
every  new  experiment  on  frefh  in- 
gredients. 

2dly,  In  the  experiments  made 
on  water,  fpirits  of  wine,  and  aether, 
the  expanfion  was  by  no  means  re- 
gulated by  the  diftance  of  the  con- 
ducting points  within  the  veffel. 
The  expanfion  began  at  the  greateft 
luminous  diftance :  it  increafed  gra- 
dually as  this  diftance  diminifhed, 
till  it  came  to  a  maximum ;  it  then 

h  3 
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decreafed,  till  the  points  touched. 
In  other  words,  when  the  points 
were  three-tenths  or  one-tenth,  the 
charge  was  luminous  in  its  paffage ; 
but  at  both  thefe  diftances  the  ex- 
panfion  was  lefs  than  when  the 
points  were  feparated  two-tenths 
of  an  inch. 

This  diverfity,  I  afcribe  at  the 
greateft  diftance  to  that  diminution 
of  the  charge  which  is  caufed  by 
what  is  taken  off  filently,  or  what 
would  be  taken  off,  in  cafe  the 
charge  were  not  luminous.  At  the 
leaft  diftance,  I  confider  the  dimi- 
nution as  the  effecf  of  bringing  the 
wires  too  near  each  other.  Their 
particular  mode  of  operation  in 
ihis  cafe,  I  (hall  explain  hereafter. 
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O  I  L  S. 


No  charge  will  pafs  through  oils 
of  any  kind,  till  the  conducting 
points  are  brought  within  what  I 
call  the  luminous  or  breaking  dif- 
tance  of  each  other.  It  fhould, 
therefore,  be  our  chief  object,  to 
afcertain  the  relation  which  fubfifls 
between  the  breaking  diftances  and 
the  nature  and  dimenfions  of  the 
oils.  The  mod  puzzling  anomalies 
for  a  long  time  infefted  my  experi- 
ments on  this  fubjecl.  At  length 
I  found  that  every  variety  of  re- 
fult  might  be  avoided  by  attending 
to  the  following  circumftances: 

H  4 
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lft,  If  both  the  conducting  points 
be  not  immerfed  in  the  oil,  a  va- 
pour is  formed  by  the  a&ion  of 
the  charge  co-operating  with  the 
air  that  lies  contiguous  to  the  fur- 
face.  This  vapour  frequently 
takes  fire,  and  produces  a  change 
of  temperature,  both  in  the  veffel 
and  its  contents,  by  which  their  con- 
dueling  power  is  materially  in- 
creafed. 

2d,  The  length  of  the  breaking 
diftance  is  often  increafed  by  the 
adherence  of  fmall  particles  of  air 
or  vapour  to  the  points  of  the  con- 
ducting wires. 

3d,  Every  diftinft  charge  is  at- 
tended, not  only  with  a  change  of 
temperature  in  the  oil,  but  with  a 
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reparation  of  coaly  matter,  from 
one  minute  portion  of  which  to 
another  the  electric  fluid  paffes  with 
much  greater  eafe,  than  through 
oil  when  perfectly  pure. 

4th,  If  the  leaft  moifture  ad- 
heres to  the  furface  of  the  veffel, 
it  will  foon  mix  with  the  oil,  and 
will  increafe  the  breaking  diftance, 
moft  commonly  to  double,  and  fre- 
quently to  three  times  its  proper 
length. 

To  prevent  the  irregularities 
which  arife  from  the  preceding 
caufes,  we  mould  always  ufe 
glafs  tubes.  For  a  long  time  I 
made  my  experiments  with  wood, 
which  I  preferred,  becaufe  it 
would  not  break  with  each  diftinft 
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charge,  and  becaufe  I  could  be 
very  exa£t  in  regulating  the  bore. 
But  when  the  fides  of  the  veffel 
are  pellucid,  we  may  foon  perceive 
the  leaft  impurity  that  may  have 
been  mixed  with  the  oil.  More- 
over, the  fame  oil  fhould  never 
be  ufed  twice ;  for  even  one  charge 
produces  the  coaly  matter.  Be- 
fides,  the  oil  mould  be  well  boiled, 
and  care  taken  that  its  tempera- 
ture is  invariably  the  fame  in  each 
diftin&  experiment. 

A  reprefents  the  breaking  dif- 
tance  in  oil;  B,  the  correfpondent 
ft ri king  diftance  in  air,  when  tw® 
circuits  are  open. 
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OIL  OF  OLIVES. 


Tube,  one-fixteenth 

A 

B 

2 

To 

t* 

Tube, 

one-eighth. 

A 

B 

To 

*A 

3 

10 

*A 

OIL  OF  SASSAFRAS. 

Tube,  one-eighth, 
A  -B 

To  3 

In  this  oil,  the  charge  would  not 
pais  when  the  tube  was  one-fix- 
Jteen-th. 


108  LECTURES     ON 


OIL  OF  ROSEMARY. 


In  this  oil,  when  the  tube  was 
one-eighth,  the  ftriking  diftance 
was  greater  than  in  any  other  oil. 

The  irregularities  which  attended 
the  expanfion  of  oil  by  the  paflage 
of  the  charge,  were  fo  confider- 
able,  as  to  forbid  any  decifive  lan- 
guage on  the  fubjecl. 

In  my  experiments,  I  have  al- 
ways found  it  neceflary  to  confine 
the  oil  by  wood;  for  nothing  elfe 
will  refift  the  violence  of  the  ex- 
plofion.  When  the  diameter  of 
the  hollow  was  half  an  inch,  and 
its  length  about  fix-tenths  of  an 
inch,   I   obferved  that  the  expan- 
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fion  in  linfeed  oil  was  about  half 
what  it  would  have  been  in  com- 
mon air  fimilarly  circumflanced  : 
but  when  I  examined  the  infide  of 
the  wood,  I  always  found  that  the 
charge  had  paffed  over  its  internal 
furface,  and  confequently  had  not 
permeated  the  fubftance  of  the 
oil ;  nor  could  I  difcover  any  other 
method  of  avoiding  this  inconve- 
nience, than  that  of  enlarging  and 
lengthening  the  hollow  of  the  vef- 
fel :  but  in  this  cafe  the  body  of 
the  oil  became  fo  great,  that  the 
expanfion  was  almoft  loft  in  it. 
Sometimes,  however,  the  force 
will  be  fuch  as  to  exceed  ten  times 
the  greateft  expanfive  force  of  air. 
This  rare  appearance  is  the  effect, 
of  the  oils  taking  fire,  when  it 
has  been  previoufly  heated  by  fuc- 
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ceflive  explofions,  and  when  one 
of  the  conducing  points,  as  I  have 
already  informed  yon,  is  raifed 
above  its  furface. 

OBSERVATIONS  ON  THE  PRECEDING  EJCTS, 

3  ft,  Tho'  oils,  in  their  common 
Rate,  or  after  expofure  for  fome 
time  to  the  atmofphere,  will  not 
allow  any  quantity  of  the  electric 
fluid  to  pafs  through  them,  other- 
wife  than  luminoujly :  they  are,  not- 
withstanding, very  imperfect,  infu- 
lators.  I  have  frequently  immerfed 
coated  jars  of  glafs  in  a  body  of 
linfeed  oil,  and,  provided  the  cy- 
linder was  very  large,  the  torrent 
of  electric  fluid  would  pafs  into 
the  jars  fo  much  fafler  than  the  oil 
could   convey   it  from  the    infide 


ELECTRICITY.  Ill 

to  the  outfide  of  the  glafs,  that 
the  jars  might  be  charged  till  they 
were  broken;  but  after  the  revo- 
lutions of  the  machine  ceafed,  the 
charge  was  inftantaneoufly  difperf- 
ed.  Mr.  Brook  thought  that  he 
could  render  the  infulating  power 
of  baked  wood  permanent,  by  boil- 
it  in  oil.  He  continued  the  boiling 
a  whole  day,  and,  during  a  few 
hours  after  this  operation,  the  wood 
could  be  excited,  and  the  inhala- 
tion was  perfect  ;  but  fo  rapid  was 
the  abforption  of  moifture  from 
the  air,  that  in  lefs  than  two  days 
the  oiled  wood  was  altogether  de- 
prived of  its  power. 

2d,  The  degree  of  refiftance  in 
oils  to  the  pafTage  of  the  ele&ric 
fluid  feem  to  have  fome  connexion 
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with  their  fpecific  gravities.  Off 
of  rofemary,  in  which  the  ftriking 
diftance  is  the  greateft,  is  one  of 
the  lighted  I  ufed.  Oil  of  faffafras 
is  the  heavieft,  and  its  ftriking 
diftance  is  the  lead. 

3d,  The  breaking  or  luminous 
diftance  in  fpirits  of  wine  and  aether 
increafed  as  the  diameter  of  the 
containing  tube  diminished.  The 
reverfe  took  place  in  oil.  In  the 
one  cafe,  a  fmall  portion  will  pafs 
through  invifibly,  and  in  propor- 
tion to  the  quantity  that  is  thus 
taken  off,  fo  is  the  diminution  of 
that  height  of  charge  which  is  ne- 
ceffary  to  break  the  glafs ;  but  the 
diminution  I  allude  to  increafes 
with  the  diameter  of  the  tube,  and 
hence  arifes  the  difference  ob- 
ferved  in   the   experiments. 
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4th,  The  power  of  oils  to  refill 
the  pafTage  of  the  charge  varies 
with  their  temperatures.  The 
breaking  difiance  lengthens  as  the 
heat  is  increafed.  But  it  is  to  be 
obferved,  that  a  battery  of  one  hun- 
dred jars  will  not  permeate  a  greater 
body  of  oil  than  a  Jingle  jar  charged 
equally  high. 


AIRS. 

In  the  experiments  I  have  made 
on  air,  the  defiderata  I  had  in 
view  were  the  following  : 

lft,  The  relation  fubfifting  be- 
tween the  different  lengths  of  the 
ftriking  diflances  in    air,  and   the 

vol.  11.  1 
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various  heights  of  a  charged  fur- 
face. 

2d,  The  diverfities  of  this  rela- 
tion in  the  feveral  kinds  of  air, 
and  the  connexion  of  the  fpecific 
gravities  and  the  phlogiftication  of 
the  different  airs  with  their  con- 
dueling  power. 

3d,  The  varieties  of  expanfive 
power  in  the  feveral  kinds  of  air, 
when  caufed  by  different  heights  of 
change,  and  by  different  lengths 
of  the  ftriking  diftances. 

I  had  minuted  down  the  refill ts 
of  feveral  hundreds  of  experi- 
ments, which  I  made  with  a  view 
to  thefe  defiderata;  but  when  I 
examined  them  bv  the  teft  of  fre- 
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quent  repetition,  I  met  with  a  few 
only  that  were  not  rendered  ufe- 
lefs  by  anomalies.  Long  after  the 
experiments  were  made,  1  disco- 
vered that  the  efFe£t  of  tempera- 
ture on  the  paffage  of  the  charge 
is  much  greater  than  I  had  ever 
fuppofed ;  and  as  I  did  not  attend 
to  fo  confiderable  a  foure'e  of  va- 
rieties, I  am  willing  to  afcribe  to 
its  influence  the  great  irregularities 
which  I  have  experienced.  The 
following  are  the  only  particulars 
which  I  can  prefent  to  you  with 
any  confidence  in  their  accuracy. 

id,  The  ftriking  diftance  in  . 
common  air  is  more  than  doubled 
or  trebled  by  doubling  or  trebling 
the  height  of  the  charge.  In  other 
words,  the  fluid,  in  paffing  from 
I  2 
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one  point  to  another,  or  from  one 
ball  of  given  dimenfions  to  another 
of  the  fame  dimenfions,  in  cafe  it 
ftrikes  over  one  inch  and  a  half 
with  fifteen  grains  repulfion,  will 
ftrike  over  more  than  three  inches 
with  thirty  grains  repulfion. 

2d,  The  ftriking  diftance  of  any 
given  charge  is  greater  in  inflam- 
mable than  any  other  air.  It  is 
leaf!  in  the  dephlogifticated  marine 
gas.  The  former  is  the  lighteft, 
and  the  latter  is  amongft  the  hea- 
vier!, of  all  the  gafes.  But  it  is 
clear  that  the  fpecific  gravity  is 
not  the  fole  caufe  of  this  variety; 
for  the  difference  of  refiflance  was 
by  no  means  commenfurate  to  the 
difference  of  weights.  The  fpe- 
cific gravities  of  inflammable   and 
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common  air,  and  dephlogifticated 
marine  gas,  were  as  1,25.  1.  1,007. 
but  the  ftriking  diftances  of  the 
higheft  charge,  in  paffing  through 
them,  were  as  4.  3.  1,25. 

The  re fi fiance  of  nitrous  air 
approached  neareft  to  that  of  the 
dephlogifticated  marine  gas. 

All  the  dephlogifticated  airs  re- 
fill more  than  common  air,  and 
are  at  the  fame  time  heavier.  But 
in  this  inftance  again,  the  degrees 
of  refiftance  feemed  to  have  little 
or  no  connexion  with  the  diver- 
fities  of  weights ;  for  when  the 
fpecific  gravity  of  dephlogifticated 
air  was  to  that  of  common  air  as 
14.  to  13.  nearly,  the  ftriking  dif- 
tances were  as  4.  to  2,25. 

*  3 
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3d,  With  a  fingle  jar,  meafuring 
two  wine  quarts,  and  charged  to 
thirty  grains  repulfion,  I  expanded 
common  air  fo  that  it  raifed  two 
pounds  weight.  In  this  experi- 
ment, the  air  which  was  operated 
upon  did  not  exceed  one  ounce 
meafure. 

I  obferved  that  two  jars  would 
raife  twice  the  weights,  and  three 
jars,  three  times  the  weights  raifed 
by  one  jar. 

The  ftriking  diftances  within  the 
expanded  air  have  an  effecl:  upon 
the  preceding  refults.  The  fame 
charge,  ftriking  over  three  inches, 
produces  three  times  the  expanfion 
of  the  fame  charge  pafling  over 
one  inch. 
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I  have  not  determined  the  va- 
rieties dependent  upon  increafing 
the  capacity  of  the  expanded  air. 

In  different  airs  the  expanfion  is 
very  different.  It  is  greater  in  de- 
phlogifticate  air  than  common  air. 
In  inflammable  air  it  is  leaft.  It  is 
remarkable,  however,  that  two  fuc- 
ceffive  explofions  were  fcarcely 
ever  attended  with  the  fame  effecV, 
this  1  afcribe  to  fome  change  in  the. 
conducting  power  produced  by  the 
firft  explofion. 

I  am  inclined,  by  feveral  cir- 
cumflances  that  occurred  in  the 
preceding  experiments,  to  infer 
that  the  infulating  properties  of 
the  different  gafes  are  not  at  all 
affected  by  the  fufpenfion  of  any 
i  4 
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additional  moifture.  The  dephlo- 
gifticated  marine  gas  is  compofed 
of  acid  particles,  and  yet  its  con- 
ducting power  is  lefs  than  that  of 
any  other  gas. 

In  Tome  inftances,  when  our  ex- 
periments were  made  on  nitrous  air, 
a  portion  of  common  air  was  acci- 
dentally mixed  with  it,  and  the  vef- 
fel  was  filled  with  red  fumes,  which 
are  the  particles  of  the  nitrous  acid 
feparated  from  its  former  bafis :  but 
this  circumfiance  did  not  lengthen 
the  finking  di fiance  of  the  charge. 

We  may  therefore  conclude, 
when  a  moift  atmofphere  diminifhes 
the  power  of  an  electrical  appara- 
tus, that  it  operates  by  depofiting 
a  part  of  its  aqueous  contents  on 
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the  furfaces  of  our  feveral  infula- 
tors,  and  not  by  any  additional 
conducing  power  in  itfelf. 


To  obtain  a  more  complete 
knowledge  of  the  preceding  fub- 
ject,  or  of  the  relation  fubfifting 
between  airs  and  their  powers  to 
conduct  the  electric  fluid ;  con- 
cerning which,  I  have  been  able 
to  give  but  a  fmall  portion  of  fpe- 
cific  information  :  I  think  the  fol- 
lowing objects  are  thofe  to  which 
your  attention  may  be  directed 
nioft  fuccefs fully. 

ift,  A  full  afcertainment  of  the 
connexion    between    the   tempera- 


122  LECTURES    ON 

tures  and   the    conducting  powers 
of  air. 

2d,  The  law,  according  to  which 
the  expanfive  force  is  leffened 
when  the  capacity  of  the  air  is  in- 
creafed. 

3d,  We  fhould  examine  whe- 
ther all  the  airs  are  poffeffed  of 
the  fame  expanfive  force,  and  whe- 
ther their  ftriking  diftances  are  the 
fame  when  their  fpecific  gravities 
are  made  equal  by  a  proper  appli- 
cation of  the  condenfing  machine. 

4th,  Would  not  an  acquaintance 
with  the  different  forms  of  termina- 
tion, from  which  the  electric  fluid 
ftrikes  when  the  diltances  are  equal 
in  different  kinds  of  air,  very  much 
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help  us   in    correcting  our    know- 
ledge of  this  fubjecl:? 

For  inftance,  if  we  knew  the 
diameter  of  that  ball  from  which 
a  given  charge  ftrikes  in  inflam- 
mable air  as  eafily  as  from  one 
point  to  another  in  common  air, 
when  two  circuits  are  open,  fhould 
we  not  hence  derive  afliftance  to 
eftimate  the  difference  of  their  con- 
ducting powers,  by  applying  thofe 
principles,  agreeably  to  which,  in 
a  preceding  part  of  thefe  Lectures, 
we  have  explained  the  effecl;  of 
points,  balls,  and  flat  furfaces  on 
the  ftriking  diftances. 
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ACIDS. 

The  mineral  acids,  in  the  de- 
gree of  their  conducting  power, 
approach  neareft  to  the  metals. 

They  are  the  only  fluid,  except- 
ing mercury,  which  conveys  the 
charge  through  a  capillary  tube  : 
but  there  is  no  cafe  in  which  they 
do  not  leave  fome  refidue.  When 
the  charge  is  conveyed  through 
columns  of  them,  meafuring  fome 
inches  in  diameter,  it  is  evident, 
from  the  light  and  the  found  of  the 
explofion,  that  their  conducting 
power  is  fuch  as  very  much  to 
diminifh  either  the  quantity  or  the 
momentum  of  the  electric  fluid  in 
its  paffage. 
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I  have  confined  my  examina- 
tion to  the  vitriolic  acid,  from  a 
conviction,  juftified  by  feveral  cir- 
cumftances,  that  it  differs  very  in- 
confiderably  from  the  nitrous  and 
marine  acids. 

The  chief  difficulty  I  expe- 
rienced was  that  of  conveying  the 
acids  into  the  tubes.  I  effe&ed 
this  when  the  tubes  were  capillary, 
by  placing  one  end  in  a  body  of 
the  acid,  and  by  fucking  at  the 
other.  When  the  acid  had  rifen 
to  its  proper  height,  I  flopped  up 
the  lower  orifice,  and  then  clofed 
both  orifices  with  needles  dipped 
in  melting  bees-wax.  If  the  tube 
be  more  than  one-eighth  of.an  inch 
in  diameter,  the  lower  orifice  may 
be  firlt  flopped  up  with  a  pointed 
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wire,  and  the  tube  may  be  made 
tight,  by  melting  a  little  wax  on 
that  part  of  it  which  is  within  the 
tube.  The  acid  may  then  be 
poured  in  without  any  difficulty. 

I.  When  the  tube  was  capillary, 
and  the  conducting  points  diftant 
from  each  other  ten  inches,  a  fmall 
portion  only  of  the  charge  could  be 
forced  through  the  acid,  fo  as  to 
ftrike  over  feven -tenths  of  an  inch 
in  air. 

The  preceding  experiment  was 
made  with  a  jar  containing  two 
quarts.  When  the  charge  of  two 
fuch  jars  was  tried,  no  difference 
of  effect  was  perceptible. 

When  two  circuits  were  opened, 
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the  charge  would  rather  ftrike  thro' 
its  greateft  diftance  in  air,  rather 
than  through  the  acid,  though  all 
the  conducting  wires  in  its  circuit 
were  in  perfect  conta6h 

No  charge  could  be  made  to 
pafs,  when  the  length  of  the  ca- 
pillary was  twenty  inches ;  and 
when  diminifhed  to  fifteen  inches, 
the  paffage  was  that  of  a  very  fmall 
portion  attended  with  every  ap- 
pearance of  difficulty. 

When  the  tube  was  one-eighth 
of  an  inch,  and  the  points  in  the 
acid  twelve  inches  diftant  from 
each  other,  if  but  one  circuit 
was  open,  the  finking  diftance  in 
air  was  two  inches  and  a  half. 
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When  two  circuits  were  open, 
the  ftriking  diftance  in  air 

Th       cxl  /  tne  ac^  was  one  mcn- 
°    \  the  acid,  half  an  inch. 

rp,  ,    f  metal,  two  inches. 

°    \  metal,  one  and  a  half. 

When  the  tube  was  one-fourth 
of  an  inch  in  diameter,  at  all  the 
diftances  of  the  conducting  points 
within  the  acid,  the  charge  paffed 
over  as  great  an  interval  of  air 
as  through  a  metallic  circuit;  but 
the  brilliancy,  found,  and  direction 
were  of  a  fpark  evidently  en- 
feebled. 

When  the  tube  was  half  an  inch 
in  diameter,  the  appearances  of 
the  explofion  were  fcarcely,  if  at 
all,  different  from  thofe  of  the 
preceding  experiment. 
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II.  The  greateft  breaking  or  lu- 
minous diftance  in  a  capillary  tube, 
filled  with  vitriolic  acid,  is  equal 
to  two  inches. 

When  the  tube  is  one-eighth  of 
an  inch  in  diameter,  the  length  of 
the  breaking  diftance  was  one- 
eighth  of  an  inch. 

The  glafs  could  not  be  broken, 
nor  the  fpark  made  luminous,  in 
any  tube  of  a  larger  diameter. 

III.  When  the  tube  is  capillary, 
the  charge,  in  palling  through  air, 
produces  no  fenfible  expanfion. 

When  the  diameter  of  the  tube 
was  one-fourth  or  half  an  inch,  the 
expanfion  produced  was  nearly  one- 

vol.il  k 
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ninth  of  what  attended  the  fame 
charge  in  its  paffage  thro'  metal. 

IV.  If  a  ftrip  of  the  vitriolic 
acid,  one-eighth  of  an  inch  acrofs, 
be  extended  over  a  furface  of 
glafs,  it  will  convey  the  charge 
brilliantly  over  a  length  of  feven- 
teen  inches. 

If  two  fimilar  {trips,  one  of  acid, 
and  the  other  of  water,  form  two 
circuits,  the  charge  will  pafs  over 
twelve  inches  and  a  half  of  the 
acid  brilliantly,  rather  than  over 
fix  inches  of  the  water. 

The  dilution  of  the  acid  by 
water  increafes  the  conducing 
power,  in  cafe  the  proportion  of 
the  two  ingredients  is  not  greater 
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than  that  of  equality ;  but  when 
(he  quantity  of  water  is  molt  abun- 
dant, then  the  conducting  power 
is  diminished,  but  never  to  fuch  a 
degree  as  to  become  equal  to  that 
of  the  water  alone. 

What  I  have  juft  faid  of  the  ef- 
fect, of  dilution,  is  true  only  when 
the  acid  is  confined  in  a  tube,  or 
when  it  is  permeated  by  the  charge ; 
for  when  the  acid  is  fpread  over  a 
non-conducting  fubftance,  and  the 
charge  of  courfe  paffes  over  the 
furface,  the  lead  dilution  leffens 
the  linking  diflance.  I  opened 
two  circuits,  in  one  of  which  was 
a  drip  of  pure  acid,  in  the  other, 
an  equal  itrip  of  acid  diluted  with 
one-third  its  weight  of  water :  in 
this  cafe  the  charge  would  rather 
k  2 
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pafs  over  nine  inches  of  the  con- 
centrated, than  over  feven  of  the 
diluted  acid.  This  difference,  how- 
ever, was  fenfible  only  when  two 
circuits  were  open ;  for  in  one  cir- 
cuit the  ftriking  diftance  of  both, 
with  precifely  the  fame  charge, 
was  the  fame.  A  fenfible  diffe- 
rence was  perceptible  in  the  found 
and  light  of  the  explofion. 

It  is  to  be  obferved,  that  if  the 
quantity  either  of  concentrated 
or  diluted  acid  were  increafed  in 
thefe  experiments,  the  electric  fluid 
would  then  permeate  the  fubftance 
of  the  ftrip,  and  the  difcharge 
would  not   be   fo  perfect 
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THE   RESISTANCE   OF  SOLID   NON- 
CONDUCTORS. 

I  muft  refer  you  to  the  circum- 
ftances  of  a  facl  already  defcribed, 
for  the  defign  of  the  feveral  parts 
belonging  to  the  following  inftru- 
ment.* 


FIG.  XII II. 

ABCD  is  a  cylindrical  glafs 
veffel,  two  inches  in  diameter  and 
three  in  height.  It  is  open  at  both 
ends,  and  filled  with  pitch.  EF  is 
a  wire  extending  through  the  axis 
of  the   cylinder.      Its    fituation   is 

*  Vol.  I.  p.  134. 

*  3 
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adj ufted  while  the  pitch  is  hot.. 
Its  point  F  is  even  with  the  bot- 
tom of  the  cylinder.  The  body, 
through  which  the  charge  is  to  be 
conveyed,  is  applied  to  the  point 
F,  and  faftened  in  that  fituation 
by  expofing  the  lower  furface  of 
the  pitch  to  the  fire,  till  it  begins 
to  melt,  and  by  placing  upon  it, 
while  in  that  ftate,  one  furface  of 
the  body  carefully  dried.  If  EF, 
when  thus  circumftanced,  be  in- 
troduced into  the  circuit,  the  ex- 
plofion  will  pafs  through  fuch  a 
thicknefs  of  the  body  faftened  to 
the  point,  as  will  be  commenfurate 
to  its  refiftance  or  non-conducting 
capacity. 

A  reprefents  the  thicknefs  of  the 
non-conducting    body,    which    the 
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fame  charge  would  perforate  as  was 
neceflary,  when  two  circuits  were 
open,  to  ftrike  through  B,  which 
reprefents  the  correfpondent  in- 
terval in  air. 

SHELL  LAC, 

A  B 

■To  3 

-^y  No  charge  would 

pafs  through  this  interval  of  the  fhell  lac. 

PLATE  GLASS. 
A  B 


20  ^ 

•^  This  thicknefs  was 

flruck  through  bv  the  hiirheft  charge  which  the 


jar  would  bear. 


□ 
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SULPHUR. 
A  B 


6 
20 

8*. 

BEES-WAX. 

A 

B 

4 
20 

1* 

6 
20 

*f 

BSERVATIONS. 

ift,  If  appears,  from  the  pre- 
ceding experiments,  that  fhell  lac 
is,  of  all  non-conducting  fub- 
flances,  that  whofe  refiftance  is  the 
greateft.  If  we  add  to  this  pro- 
perty, that  of  attracting  moifture 
with  much  lefs  avidity  than  glafs, 
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we  (hall  prefer  it  on  all  occafions 
as  the  beft  ingredient  for  inhala- 
tion. 


2dly,  I  have  found  fome  dif- 
ference in  the  different  fpecimens 
of  glafs  which  I  have  tried,  but 
not  fuch  as  I  could  meafure  with 
any  accuracy. 

3dly,  In  my  experiments  on  ful- 
phur,  I  was  often  deceived  by  in- 
ternal cavities  which  took  place 
during  its  cryftallization.  I  got  rid 
of  thefe  by  pouring  the  melted 
fulphur  into  a  mould,  and  by  keep- 
ing a  weight  on  its  furface  while 
cooling.  There  is  one  defideratum 
yet  remaining  with  regard  to  ful- 
phur, which  is  connected  with  the 
effect   of  water  on    bodies,  when 
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it  becomes  latent  in  their  compo- 
fition.  When  fulphur  is  melted, 
its  fluidity  is  remarkably  great, 
owing  to  its  water  of  cryftalliza- 
tion.  If  the  heat  be  continued, 
the  water  evaporates,  and  the  ful- 
phur affumes  a  folidity  which,  in 
the  molt  confiderable  fire,  is  re- 
tained till  the  fulphur  is  difperfed. 
I  have  tried  in  vain  to  examine 
its  conducting  power  whilft  in  this 
ftate ;  for  I  have  hitherto  difco- 
vered  no  method  of  excluding  the 
aqueous  particles  while  the  fulphur 
is  cooling.  Indeed,  as  foon  as  it 
reaches  a  certain  temperature,  it 
abforbs  moifture  from  whatever  is 
in  conta6l  with  it,  becomes  equally 
liquid  with  water  itfelf,  and  then 
cryftallizes* 
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4thly,  You  will  obferve,  that  in 
all  the  preceding  inftances,  the 
appearances  attending  the  electric 
fluid  in  its  pafTage  are  invariably 
the  fame.  The  non-conducting 
body  is  torn  or  broken.  The.  ex- 
plofion  is  luminous  at  the  part 
where  the  fracture  takes  place,  and 
no  refidue  is  left  in  the  jar.  In 
fhort,  every  circumftance  is  a 
proof  that  bodies,  capable  of  ex- 
citation, are  altogether  imper- 
meable. 


The  Refiflance  of  thofe  Subftances  which 
are  partial  No?i-Conduclors. 

I    mean,    by    partial    non-con- 
ductors, thofe  bodies  whofe  refift- 
ance  to  the  fluid  is  not  that  of  in- 
filiating   fubflances,    but    fuch    as 
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will  admit  a  fmall  portion  of  a 
certain  charge  to  pafs  thro'  them, 
and  yet  difcover  a  fracture  or  fe- 
paration  of  parts  whenever  they  are 
permeated  by  the  whole  charge. 


LIGNUM  VITiE,  OR  GUIACUM  WOOD. 

This  is  the  beft  of  the  partial 
non- conductors.  It  does  not  in- 
fulate,  but  it  refifts  the  higheft 
poflible  charge  when  its  thicknefs 
equals  three-eighths  of  an  inch. 
Before  it  acquired  the  property 
of  infulation,  it  required  as  much 
baking  as  thofe  foft  woods,  in  which 
the  greateft  ftriking  diftance  of  the 
whole  explofion  was  double  the 
length  of  its  own. 


ELECTRICITY.  1 4  1 

I  afcribe  this  peculiarity  to.  the 
greater  difficulty  attending  the  ex- 
trication of  moifture  from  the  gum 
which  it  contains,  rather  than  from 
the  loofe  fibres  in  which  it  is  con- 
tained in  other  woods. 

I  found  it  fcarcely  poflible  to 
afcertain,  with  any  accuracy,  the 
refiftance  of  wood  when  baked,  as 
the  fire,  when  it  expelled  the  moif- 
ture, left  fo  many  little  cells  and 
fiffures  as  neceffarily,  in  different 
experiments,  to  caufe  great  va- 
rieties in  the  flriking  diftances. 

A  great  change  in  this  property 
is  to  be  expected  from  the  circum- 
ftances  which  diftinguifh  charcoal 
from  baked  wood.  In  the  baked 
wood  all  the  gum,,  or  a  great  part 
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of  it,  ftill  exifls.  In  the  charcoal, 
whatever  is  capable  of  evapora- 
tion, is  burnt,  and  thofe  ingre- 
dients, on  which  the  tenacity  of 
the  wood  chiefly  depends,  are  en- 
tirely removed:  confequently,  char- 
coal mult  be  a  fub fiance  perfo- 
rated by  an  infinite  number  of  in- 
definitely fmall  cells  or  cavities, 
which,  to  the  paffage  of  a  fluid 
equally  fubtile  with  that  of  elec- 
tricity, mufl  be  much  more  fa- 
vourable than  the  fame  fubflance 
when  its  cells  are  filled  with  non- 
conducting ingredients. 

Dr.   Prieflley,    and    fome    other 
eminent    electricians,    have    confix 
dered    the    conducting    power   of 
charcoal  as  nearly  equal  to  that  of 
the    metals.      There   are    circum- 
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ftances  in  which  it  approximates 
to  this  equality,  and  thefe  were 
the  circumftances  of  their  experi- 
ments ;  for  they  generally  took  the 
length  of  a  fpark,  which  ftruck 
into  a  piece  of  charcoal,  filed 
fmoothly, .  and  applied  by  the  hand 
to  a  common  conductor.  Their 
eftimate,  therefore,  was  formed 
partially,  rather  than  inaccurately  : 
for  you  will  now  fee  that  charcoal 
is  not  near  fo  good  a  conductor 
as  the  acids  in  moft  cafes ;  in  fome 
cafes  it  furpaffes  them,  but  in  all 
cafes  it  is  much  inferior  in  this 
refpecl  to  the  metals. 

EXPERIMENTS. 

I    filled  tubes  of  different  dia- 
meters with   charcoal   finely  ppw- 
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dered  and  well  aried,  I  then  com- 
pared the  lengths  of  the  ftriking 
diftances  when  a  given  charge 
pailed  through  the  charcoal  ra- 
ther than  through  a  metallic  cir- 
cuit, with  the  various  intervals  of 
air  which  interrupted  the  metallic 
circuit.  A  reprefents  the  ftriking 
diftance  through  charcoal;  B,  the 
interval  of  air  in  the  metallic  cir- 
cuit. Tube,  one-half  an  inch  in 
diameter;  diftance  of  the  con- 
dueling  points  in  the  powdered 
charcoal,  four  inches. 


A 

B 

o 

i 

it' 

i.i 

Li 

2 

a£ 
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When     one     circuit    only    was 
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open,  the  greateft  firiking  diftance 
of  the  higheft  charge,  the  glafs 
would  bear  through  the  charcoal, 
was  four  inches  and  a  quarter; 
through  the  metal,  four  inches  and 
three  quarters.  Tube,  one-fourth 
of  an  inch;  diftance  of  the  con- 
dueling  points  in  the  charcoal, 
four  inches. 


A 

o 
1 

i4- 


The  greateft  ftriking  diftances 
through  the  charcoal,  of  the  charge 
ufed  in  the  preceding  experiments, 
was  two  inches  five-eighths;  thro' 
the  metal,  three  inches. 

VOL.    II.  L 
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It  is  to  be  obferved,  that  when 
the  condu&ing  points  were  brought 
within  an  inch  of  each  other  in  the 
charcoal,  the  charge  paffed  lumi- 
noufly  through  the  fubftance  of  the 
coal,  and  then  (truck  through  an 
interval  of  air  in  the  fame  circuit, 
with  as  much  brilliancy  and  found 
nearly,  as  if  the  whole  communi- 
cation had  been  perfectly  metallic. 
The  interval  of  air,  which  inter- 
rupted the  circuit  in  this  experi- 
ment was  one-eighth  lefs  than  it 
would  have  been  if  the  charcoal 
had  been  removed. 

The  fame  varieties  of  refult  took 
place  when  the  explofion  was  con- 
veyed over  a  ftrip  of  powdered 
charcoal,  half  an  inch  acrofs,  and 
one-eighth  of  an    inch    deep,    ex- 
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tended  over  a  dry  furface  of  glafs. 
The  colour  became  lefs  and  lefs 
vivid,  and  the  found  weaker  and 
weaker,  as  the  ftrip  was  lengthened. 
When  the  diftance  between  the 
conducting  points  was  feventeen 
inches,  the  whole  ftrip  appeared 
brilliantly  yellow  when  the  explo- 
fion  pafled  over  it.  When  the  con- 
ducting points  were  feparated  from 
each  other  by  a  diftance  of  twenty- 
two  inches,  the  light  of  the  explo- 
fion  was  a  very  faint  yellow,  and 
the  found  of  it  fcarcely  perceptible. 

The  following  experiments  were 
defigned  to  fhew  the  difference  be- 
tween the  conducting  power  of 
charcoal  and  the  vitriolic  acid. 

A  reprefents    the  length  of  the 

L   2 
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ftriking  diftance  through  the  aciclt 
and  B,  through  charcoal,  when  two 
circuits  were  open.  The  diameter 
of  the  tubes,  containing  the  two  in- 
gredients, was  one-fourth  of  an  inch. 
The  diftance  of  the  conducting 
points,  four  inches. 

A  B 


At  all  the  above-mentioned  dif- 
tances  the  fluid  divided  itfelf  into 
two  ft  reams ;  but  that  which  paffed 
through  the  acid  was  by  far  the 
moft  loud  and  brilliant. 


The    earths,    alkalis,    calces    of 
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metals,  earthy,  alkaline,  and  me- 
tallic neutral  falts,  are  all  partial 
non-condu6lors ;  but  I  have  not  yet 
found  that  any  one  of  them,  how 
much  foever  dried,  was  an  infu- 
lator.  The  varieties  of  their  lumi- 
nous ftriking  diftances  are  confi- 
derable ;  but  the  fhock,  in  pairing 
through  the  tubes  that  contain 
them,  never  breaks  the  glafs. 

The  diverfities  are   remarkable,, 
which  take  place  in  the  conducting 
power   of    water,    when    faturated 
with  the  neutral  falts. 

Saturated  folutions  of  nitre,  fea 
fait,  and  fal  ammoniac,  conduct  the 
charge  as  well  as  if  the  waterehad 
been  mixed  with  half  its  weight  of 
vitriolic  acid. 

^3 
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The  conducting  power  of  water 
is  much  improved,  when  charged 
with  vitriolated  iron,  or  with  mu- 
riated  or  acetated  veg  alkali.  But 
the  property,  as  difcovered  in  thefe 
folutions,  does  not  approach  the 
degree  of  it  obfervable  in  the  pre- 
ceding. When  the  alkalis,  earths, 
or  calces ;  when  cream  of  tartar,  or 
aerial  acid,  is  mixed  with  water, 
I  cannot  difcover  that  its  con- 
ducting power  is  in  any  refpecl 
changed. 

The  fuperior  effecl:  of  fea  fait, 
nitre,  &c.  may,  I  think,  be  caufed 
by  that  fuperabundance  of  acid 
which  is  generally  found  in  their 
faline  combinations,  and  from  that 
diminution  of  attachment  to  the  al- 
kaline bafis,  which,   I   have  reafon 
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to  believe,   in  many  inftances,    at- 
tends the  fimple  addition  of  water. 

An  incapacity  of  infulation  is 
the  peculiar  circumftance  by  which 
I  have  diftinguifhed  partial  from 
perfect  non-conductors.  But  I  am 
wrong  in  this  diftinction,  if  Signor 
Volta  be  right,  who  afferts,  that  thefe 
partial  non-conductors,  in  certain 
cafes,  are  better  infulators  than  glafs 
and  other  per/eel  eleclrics.  His  af- 
fertion  is  fupported  by  the  follow- 
ing experiment. 

If  to  a  metallic  difk,  fufpended 
by  three  filken  cords,  and  charged, 
the  equal  furfaces  of  other  difks, 
uninfulated,  and  confifting  either 
of  marble,   dry  wood,  wax    thinly 

L    4 
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fpread,    be    applied,    it  is   obfer- 
vable, 

lft,  That  on  feparating  the  difks, 
after  they  had  been  feveral  hours 
in  contact,  a  charge  was  always 
found  in  the  metallic  dilk.  It  is 
hence  clear,  he  thinks,  that  the 
marble,  wood,  &c.  acled  as  infu- 
lators,  though  for  fo  long  a  time 
in  p  erf  eel:  communication  with  the 
ground. 

2dly,  If  the  partial  non-con- 
duftors,  ufed  in  the  preceding  ex- 
periment, were  infulated  by  Items 
of  glafs  or  fealing-wax,  the  metal- 
lic difk,  after  a  few  minutes  con- 
tact, was  found,  on  feparation,  to 
(hew  no  figns  of  electricity. 

3dly,    If  the    difks,    applied    to 
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the  metallic  difk,  were  made  of 
glafs  or  any  perfect  electric,  the 
effect  was  exactly  fimilar  to  that 
of  infulating  the  partial  non-con- 
du&ors. 

The  two  laft  circumftances  fhould, 
I  think,  have  induced  Signor  Volta 
to  confider  the  principal  peculiarity 
of  the  experiment  as  dependent  on 
fomething  which  is  altogether  un- 
connected with  the  .  common  caufe 
of  infulation ;  for  if  he  infers  juftly 
from  the  appearances  of  the  fact, 
that  wood,  marble,  Sec.  is  an  infu- 
lator,  another  perfon  might,  with 
equal  juftice,  infer  that  glafs  is  a 
conduBor,  for  it  evidently  difperfes 
in  the  experiments,  what  the  other 
fubftances 'retain.  Signor  Volta 
gives  to  the  whole  the  name  of  eke- 


154  LECTURES    ON 

trical  paradoxes,  and  to  protect  the 
myftical  character  with  which  he 
has  invefted  them,  he  labours  to 
prove  that  all  the  appearances  are 
different  from  thofe  of  his  own 
ele&rophorus.  I  have  frequently 
repeated  the  preceding  experiments 
and  have  obferved  fome  circum- 
fiances  which  feem  to  have  efcaped 
Signor  Volta's  attention. 

ift,  The  defcribed  appearances 
never  took  place  'till  the  furface  of 
the  wood  was  almoft  baked,  or 
'till  it  was  covered  over  with  a  thin 
plate  of  bees-wax.  In  this  ftate  I 
cannot  poffibly  difcover  the  dif- 
ference of  the  whole  apparatus, 
from  a  common  eleclrophorus  not 
perfectly  made. 
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2dly,  If  marble  were  ufed,  to 
obtain  figns  of  electricity,  when  it 
was  feparated  from  its  conjunction 
with  the  metallic  difk,  it  was  not 
previoufly  neceffary  to  charge  the 
difk.  In  this  cafe,  then,  the  elec- 
tricity that  appears  is  produced, 
and  is  evidently  the  effect,  not  of 
failing  to  pafs  through  the  marble 
as  an  infulator,  but  of  the  conjunc- 
tion of  two  different  fubflances. 

3dly,  If,  while  the  two  difks  are 
united,  a  metallic  connexion  be 
formed  between  the  metallic  difk 
and  any  part  of  the  marble  that  is 
not  touched  by  the  metal,  no  fpark 
will  appear  after  the  feparation. 
In  other  words,  the  equilibrium 
that  was  deflroyed  between  the 
upper  furface  and  the  internal  parts 
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of  the  partial  non-conduclors  is  thus 
reftored,  fimilarly  to  what  takes 
place  both  in  the  eleclrophorus  and 
the  Leyden  jar. 

The  mode  of  operation  in  the 
whole  experiment  I  conceive  to 
be  the  following  : 

When  the  partial  non-condu&ors 
and  the  metallic  difk  are  brought 
into  contact,  they  are  able  to  retain 
more  of  the  eleclric  fluid,  than 
when  they  are  feparate.  The  fluid 
therefore  that  previoufly  furrounded 
the  difk,  is  thus  attached  by  the 
aclivity  of  a  new  attractive  force, 
and  confequently  cannot  pafs  for- 
ward through  the  adjoining  partial 
conductors,  whofe  refiftance  cer- 
tainly affifts   the  attractive  power. 
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But  when  the  two  bodies  are  fe- 
parated,  the  attraction  is  done 
away,  and  the  fluid  is  again  in  the 
ftate  in  which  it  was  previous  to 
the  conjunction.  If  glafs  or  any 
electric  were  ufed,  the  charge  of 
the  difk  is  not  adequate  to  the  ex- 
citation, excepting  when  very  thin; 
confequently,  no  new  attractive 
force  takes  place,  and  the  elec- 
tric fluid  that  furrounds  the  difk 
is  foon  carried  away  by  the  va- 
rious conducting  fub fiances  that 
perpetually  float  in  the  air. 

The  reafon,  is  obvious  why  no 
fecond  fpark  is  the  corifequence 
of  a  fecond  contact..  The  fluid 
that  furrounds  the  difk  after  it  is 
charged,  is,  agreeably  to  fome  prin- 
ciples which  I   have  already  illuf- 


158  LECTURES    ON 

trated,  the  caufe  of  the  new  attrac- 
tion that  is  formed.  When  that 
fluid,  therefore,  is  taken  away  after 
the  feparation  of  the  difks,  a  fe« 
cond  conjunction  of  them  is  not 
attended  with  the  moil  active  cir- 
cumftance  that  operated  in  the 
firft :  confequently,  a  fecond  con- 
junction can  be  attended  with  no 
figns  of  electricity  till  one  of  the 
diiks  is  made  a  perfect  electric; 
then  the  contact  is  of  itfelf  without 
any  acid  from  communication, 
fufficient  to  produce  electricity. 

Signor  Volta's  condenfer  was 
produced  by  his  attention  to  the 
circumHances  of  the  preceding  ex- 
periment. 

When  the  two  difks  are  in  con- 
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tact,  fcarcely  any  figns  of  electri- 
city are  perceptible.  A  vigorous 
fpark  from  the  metallic  difk  is  the 
invariable  confequence  of  their  fe- 
paration.  It  is  to  be  particularly 
obferved,  that  this  vigorous  fpark 
may  be  taken,  when  no  other  elec- 
tricity has  been  applied  to  the  difks 
than  that  of  a  Leyden  phial  almojl 
/pent,  or  whofe  charge  is  fcarcely 
perceptible.  It  is  therefore  con- 
cluded, that  by  a  fmall  quantity  of 
the  fluids  applied  as  in  the  preceding 
cafe,  a  much  larger  is  cclletled  or 
condenfed  on  the  difk.  The  impor- 
tance of  the  fact  I  do  not  deny ; 
but  I  am  convinced  that  it  is  im- 
properly defcribed,  either  as  a  con- 
denfation,  or  as  an  increafed  col- 
lection of  the  electric  fluid.  The 
fallacy  has  proceeded  from  not  dif~ 
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tinguifhing  between  the  different 
appearances  of  the  fame  quantity 
of  fluid,  in  paffing  from  the  furface 
of  glafs  and  from  a  body  of  air. 
In  the  one  cafe  it  is  a  fmall  ftream, 
confiding  of  a  rapid  fucceffion  of 
very  fmall  fparks;  in  the  other, 
the  whole  quantity  ftrikes  at  once, 
and,  when  judged  of  by  the  fight 
or  the  ear,  is  improperly  magni- 
fied. But  to  prove  that  the  fpark 
does  not  confift  of  more  than  what 
actually  paffed  from  the  jar  to  the 
difk,  nothing  more  is  neceffary  than 
to  convey  the  fpark  back  again 
into  the  jar;  it  will  then  re-affume 
its  firft  inconfiderable  appearance. 
Nay,  a  fpark  from  a  conductor 
fully  charged,  eight  feet  long  and 
ten  inches  in  diameter,  when  thrown 
upon  the  leaft  furface  of  glafs,  by 
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applying  a  difcharging-rod,  is  found 
to  be  fcarcely  fenfible;  but  in  cafe 
it  were  brought  again  into  the  cir- 
cumflances  in  which  it  was  previous 
to  its  union  with  the  glafs,  or  if  it 
were  again  difFufed  through  a  body 
of  air,  it  would  pafs  into  any  con- 
dueling  body  in  the  form  of  a  vi- 
gorous fpark. 


THE  METALS. 

The  fuperiority  of  the  conduct- 
ing power  of  all  metals  above  that 
of  all  other  bodies,  is  eafily  inferred 
and  eftimated  from  a  great  number 
of  the  experiments  which  we  have 
already  fhewn  and  examined. — 
The  ftriking  diftances  and  the  ex- 
panfive  power  of  the  charge,  in  its 
paffage    through    water,    (pints   of 
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wine,  &c.  have  been  invariably 
compared  with  the  ftriking  dif- 
tances  and  the  expanfive  power  of 
the  fame  charge  when  it  preferred 
a  metallic  circuit. 

The  conducting  powers  of  diffe- 
rent metals  vary  fo  inconfiderably 
from  each  other,  that  no  minute 
and  precarious  diverfity  of  refult, 
obfervable  in  experiments  made 
on  fmall  quantities  of  thefe  bodies, 
can  be  attended  to  with  any  rational 
confidence. 

As  far  as  the  ear  and  the  eye 
can  judge,  the  found  of  the  ex- 
plofion  and  the  brilliancy  of  the 
fpark  is  equally  great,  whether  it 
pafs  through  lead,  iron,  copper, 
or  mercury,  Szc. 
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If  different  dimenfions  of  the 
fame  metal  were  placed  contempo- 
raneoufly  in  two  circuits,  fo  that 
the  quantity  of  one  might  bear 
the  proportion  of  20.  30.  or  40. 
to  l.  when  compared  with  that  of 
the  other,  there  was  no  obfervable 
diverfity  in  their  ftriking  diftances. 

My  experiments  were  made  upon 
mercury  ;  one  portion  of  which  I 
placed  in  the  fineft  capillary  tube, 
the  other  in  a  tube  one-fourth  or 
half  an  inch  in  diameter ;  but  the 
explofion  would  always  pafs  thro' 
both  with  equal  eafe,  though  I  va- 
ried the  ftriking  diftances  from  half 
an  inch  in  each-  circuit  to  four 
inches. 

The    following   facts,    however, 
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flievv  that,  notwithftanding  the  ama- 
zing fuperiority  of  the  metals  as 
conductors,  the  electric  fluid,  in 
its  paffage  through  them,  meets 
with  refiftance,  which  refiftance  is 
confiderable  when  the  metals  are 
particularly  circumftanced. 

1  ft,  In  one  of  the  two  circuits 
I  placed  twelve  yards  of  iron  wire, 
one-twenty -fifth  of  an  inch  in  dia- 
meter, and  ftretched  out  to  its  full 
length ;  in  the  other  I  placed  an 
iron  wire,  one  foot  long  and  one- 
fifth  of  an  inch  in  diameter.  A 
given  charge  would  rather  pafs 
through  the  thick  wire  and  feven- 
eighths  of  an  inch  in  air,  than 
through  the  fmall  wire,  though  in- 
terrupted by  no  refiftance  but  that 
which  cxifted  in  itfelf.    If  the  fmall 
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wire  were  coiled  up,  and  placed 
in  the  circuit,  the  preceding  diffe- 
rence was  not  perceptible. 

2d,  I  placed  five  yards  of  brafs 
wire,  one-fiftieth  of  an  in  dia- 
meter, and  ftretched  out  to  its  full 
length,  in  one  circuit;  in  the  other 
I  placed  one  foot  of  iron  wire, 
one-fifth  of  art  inch  in  diameter. 
A  given  charge  would  rather  pafs 
through  the  latter  and  three-fourths 
of  an  inch  in  air,  than  through  the 
former. 

Should  circumftances  and  your 
inclinations  be  favourable  to  the 
further  inveftigation  of  this  fubjecl:, 
I  think  that  a  decifive  method  for 
eftimating  the  difference  of  con- 
ducting power  in  different  metals, 
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is  fuggefted  by  the  preceding  fa£h. 
Nothing  appears  neceffary  but  to 
place  great  lengths  of  very  fmall 
wires  in  two  diftinct  circuits.  I 
fhould  never  ufe  a  lefs  extent  than 
twenty  or  thirty  yards ;  nor  mould 
the  dimenfions  of  my  wire  ever  ex- 
ceed one-fiftieth  of  an  inch.  In 
this  cafe  I  have  no  doubt  that 
veiy  confiderable  variteies  would 
be  obfervable,  not  only  in  the 
linking  diftances,  but  in  the  ex- 
panfive  force  of  any  given  charge. 


EFFECTS  OF  RAREFACTION  ON  THE  CON- 
DUCTING  POWERS  OF  BODIES. 

The  refiftance  of  all  fubftances 
to  the  paflage  of  the  electric  fluid 
increafes  with  the  diftance  to  which 
their  integrant  particles   are   fepa- 
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rated  from  each  other  by  the  re- 
moval of  preffure,  or  by  the  in- 
fluence of  any  repellent  power. 

When  water,  fpirits  of  wine,  or 
aether,  is  thrown  into  a  torricellian 
vacuum,  its  feveral  parts  repel 
each  other;  they  afTume  an  aerial 
form,  and,  in  their  relation  to  the 
electric  explofion,  differ  little  from 
air  in  the  fame  circumftances.  In 
like  manner,  when  the  acids  are 
changed  from  their  fluid  into  a  ga- 
feous  ftate,  by  mixing  them  with 
inflammable  bodies,  their  conduct- 
ing power  feems  to  be  loft;  for 
they  will  not  admit  the  electric 
fluid  to  pafs  through  them, 
otherwife  than  luminoufly,  and  their 
(inking  diftances  in  feveral  cafes 
are  lefs  than  thofe  of  air;  though 
m  4 
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I  have  little  doubt  in  my  own  mind, 
yet  I  cannot  affert  experimentally, 
that  they  are  infulators  in  this  ftate  ; 
for  it  is  fcarcely  poffible  to  prevent 
a  fmall  condenfation  of  their  acid 
particles  on  the  fides  of  the  veffels 
containing  them,  and  the  leaft  con- 
denfation of  this  kind  afts  very 
powerfully  in  a  gradual  difcharge 
of  the  electric  fluid. 

It  is  a  common  notion  amongft 
electricians,  that  a  partial  vacuum 
is  a  good  conductor.  This  notion 
is  expreffed  in  very  general  lan- 
guage. It  is,  however,  not  only 
inaccurate,  but  altogether  falfe.— 
Indeed,  the  following  experiments 
feem  to  prove  that  the  nearer  you 
approach  to  a  perfect,  vacuum,  or 
the  further  you  feparate   the  par- 
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tides  of  any  given  matter  from 
each  other,  the  greater  is  their  re- 
fiftance. 

I  filled  a  tube,  forty  inches  long, 
with  clean  mercury.  When  this 
tube  was  inverted,  the  vacuum  in 
its  upper  part  was  twelve  inches 
long,  in  which  nothing  capable  of 
refiftance  to  the  ele&ric  fluid  could 
exift,  but  the  vapour  formed  by 
whatever  air  or  damp  might  have 
been  accidentally  mixed  with  the 
mercury. 

A  given  charge,  however,  would 
rather  pafs  through  half  an  inch 
length  in  the  open  air,  than  thro' 
this  partial  vacuum.  The  termi- 
nations of  the  conducting  wires 
were  the  fame  in  both  circuits. 
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I  conveyed  as  much  air  into  the 
above-mentioned  vacuum,  as  filled 
an  inch  meafure  of  the  tube ;  but 
this  quantity  of  air,  thus  expanded, 
refilled  the  charge  more  than  twice 
the  fame  quantity  in  its  common 
ftate  of  condenfation.  When  two 
inch  meafures  were  thrown  into 
the  vacuum,  they  refilled  more 
than  three  and  a  half  in  their  com- 
mon ftate. 

You  will  obferve,  that  every  cir- 
cumflance  in  the  preceding  expe- 
riments was  mo  ft  favourable  to  the 
paffage  of  the  fluid  through  the 
partial  vacuum.  Such  particularly 
was  the  damp  on  the  fide  of  the 
glafs,  and  the  removal  of  every  in- 
fluence which  invites  the  charge  to 


ELECTRICITY.  1  7  1 

fpend  fome  of  its  force  in  a  lateral 
direction. 

I  think  we  may  with  fafety  infer, 
that  the  refiftance  would  gradually 
increafe  as  we  approximated  to 
that  perfection  of  a  vacuum,  which 
my  brother  has  proved  to  be  alto- 
gether impermeable  to  the  electric 
charge. 

The  following  is  an  account  of 
his  experiment. 

FIG.  XLIV. 

B  is  a  tube  fifteen  inches  long, 
filled  with  mercury,  which  has  been 
carefully  and  accurately  boiled  in 
the  tube  till  all  air  and  moiflure 
'arc  entirely  expelled.    One  end  is 
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hermetically  fealed,  the  other  in- 
verted in  mercury  in  the  ciftern  H. 
The  tube  is  kept  erect  by  the  brafs 
cap  D,  through  a  perforation,  in 
which  it  paries  at  E.  Five  inches 
of  the  tube,  meafuring  from  the 
upper  end  A,  is  covered  with  tin 
foil.  C  is  a  valve  adapted  to  the 
brafs  cap,  fo  as  to  be  connected 
eafily  with  an  air  pump.  The 
fmall  iron  wire,  F,  forms  a  com- 
munication between  the  mercury 
in  the  ciftern  and  the  brafs  cap. 
All  parts  of  this  apparatus  are  ce- 
mented together,  and  thus  ren- 
dered perfectly  air-tight.  When 
the  cavity  of  the  ciftern,  H,  is 
completely  exhaufted,  the  mercury 
(if  well  boiled)  does  not  immedi- 
ately fall.  Its  adhefion  to  the  glafs 
is  fuch  as  to  require  a  confiderable 
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conquaflation    before   it    is    over- 
come. 

When  the  vacuum  is  thus  formed, 
the  coated  part  of  the  tube  is  ap- 
plied to  a  charged  conductor;  and 
if  it  contains  any  medium  capable 
of  carrying  off'  the  fluid,  its  paffage 
from  the  infide  of  the  tube  will  be 
rendered  fenfible  by  the  appear- 
ance of  light,  and  after  this  efTccl 
has  continued  for  fome  feconds,  a 
fhock  will  be  felt  by  connecting 
the  tin  foil  with  the  brafs  cap. 
But  during  the  excitation  of  the 
ftrongelt  machine,  not  a  particle 
of  light  is  obfervable  in  the  tube, 
and  the  whole  is  as  free  from  all 
figns  of  electricity,  as  if  every  part 
of  the  apparatus  had  been  mod 
perfectly  infulated. 
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Let  us  next  fill  the  tube  with 
unboiled  mercury,  and  place  it  in 
fimilar  circumfiances ;  it  is  now 
obvious  that  a  green  light  paffes 
thro'  the  tube,  and  that  the  charge, 
communicated  to  its  oppofite  fides, 
is  fo  great  as  at  length  to  burft 
through  the  glafs. 

I  ihould  like  much  to  vary  the 
preceding  experiment  in  the  fol- 
lowing manner : 

Inftead  of  a  ftrait,  I  would  ufe 
a  crooked  tube,  whofe  perpendi- 
cular altitude  mould  not  be  lefs 
than  thirty  inches.  A  vacuum, 
formed  after  boiling  the  mercury 
in  fuch  a  tube,  would  at  each  ex- 
tremity be  terminated  by  a  con- 
ducing body,    and  we  mould  be 
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able  to  difcover  whether  an  elec- 
tric charge  would  pafs  through  any 
length  of  a  perfect  vacuum,  or 
whether  the  fuperabundance  on 
one  fide  of  a  charged  glafs  could, 
with  the  aid  of  any  medium,  be 
conveyed  to  the  other.  In  the 
Leyden  phial,  the  attracting  force 
is  at  a  diftance  from  the  particles 
that  are  affected ;  and  I  cannot  fee 
why  it  mould  not  act.  as  far  as  a 
certain  limit  through  a  vacuum 
as  well  as  through  an  intervening 
electric. 
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A  THEORETICAL  APPLICATION  OF  THE 
DOCTRINE  OF  ATTRACTION  TO  THE 
DIVERSITIES  OF  POWER  BY  WHICH 
DIFFERENT  BODIES  CONDUCT  THE 
ELECTRIC  FLUID. 


FIG.  XLV. 

AB  reprefents  a  furface  deprived 
of  a  certain  portion  of  the  electric 
fluid;  CD,  the  correfpondent  fur- 
face  charged  pofitively ;  EFGH 
reprefents  a  fubftance  connecting 
the  two  furfaces,  and  poffefTed  of 
its  natural  fhare  of  the  electric 
fluid. 

It  is  obvious  that  AB,  when  a 
difcharge  is  made,  is  fupplied  with 
what  it  wants  from  the  fuperabun- 
dance  of  CD,  which  is    removed 


ELECTRICITY.  IJJ 

from  one  Situation  to  the  other,  ei- 
ther by  the  attractive  power  of 
EFGH,  or  by  the  removal  of, a 
quantity  equal  to  itfelf  from  the 
natural  fhare  of  EFGH,  and  then, 
by  fupplying  its  pface,  what  is  re- 
moved from  the  natural  fhare  pufhes 
forward  the  next  portion  to  it,  and 
a  fucceflion  of  removals  thus  takes 
place  till  the  equilibrium  is  re- 
stored. This  is  the  mode  of  ope- 
ration which  I  have  reafoned  upon 
in  every  part  of  thefe  Lectures, 
though  it  might  be  eafily  fhewn 
that  the  reafoning  I  have  ufed 
would  be  equally'  accurate,  if  the 
idea  had  been  purfued,  that  the 
very  quantity  which  is  collected  on 
the  pofitive  furface  of  a  Leyden 
phial  is  conveyed  by  conducting 
media  to  the  negative  furface. 
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There  are  feveral  contingencies 
poffible  to  EFGH,  a  due  attention 
to  which  will  enable  us  to  account 
for  feveral  varieties  obfervable  in 

the  preceding  experiments. 

- 

CASE    I. 

Let  us  fuppofe  EFGH  to  form 
a  line  or  a  very  narrow  cylinder  of 
eleclrical  particles,  equal  to  the 
quantity  of  the  fuperabundance 
on  CD. 

ift,  It  will  hence  be  clear,  that 
the  whole  line  or  cylinder  rauft  be 
removed  before  the  charge  can 
pafs.  It  is  likevvife  clear,  that  the 
attraction,  by  which  the  particles 
adhere  to  EFGH,  muft  be  lefs 
than    that    fubfifting   between    the 
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pofitive  and  negative  furfaces;  but 
the  confequence  of  removing  a 
whole  component  from  any  fub- 
ftanee,  is  perfect  decompofition. 
When,  therefore,  the  paffage  of 
the  electric  fluid  is  attended  with 
perfecl  decompofition,  we  may, 
I  think,  afcribe  the  efTecl  to  the 
preceding  combination  of  circum- 
ftances. 

2dly,  It  is  clear,  that  if  the  at- 
traction of  EFGH  be  fuch  as  to 
retain  fart  only  of  the  fluid  be- 
longing to  it,  as  its  natural  ibare, 
the  charge  that  pafles  will  be  fmall 
in  proportion  to  the  magnitude  of 
that  part. 

3dly,  The  momentum  with  which 
one  particle  pufhes  away  the  next 

N    2 
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to  it,  is  diminifhed  as  that  attractive 
force  increafes,  by  which  each  dif- 
tinct.  particle  adheres  to,  its  bafis. 
When  a  furface  of  one  kind  is 
placed  on  a  furface  of  a  different 
kind  of  matter,  the  effect  of  a  pro- 
jectile power,  in  moving  either  of 
the  furfaces,  will  be  regulated  en- 
tirely by  the  adhefion  of  their  fe- 
veral  parts  to  each  other.  Do  we 
not  hence  fafely  infer  the  reafon 
why  the  expanfive  force,  produced 
by  a  charge  paffing  through  one 
body,  is  much  lefs  than  that  of  the 
fame  charge  palling  through  ano- 
ther which  is  a  worfe  conductor? 

CASE  II, 

Let    us    now    fuppofe    that    the 
fpace,  expreffed  by  EFGH,   con- 
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tains  much  more  fluid  than  the  fu- 
perabundance  accumulated  at  CD, 
or  that  the  particles  lying  within  a 
certain  given  portion  of  it,  when 
removed,  will  part  with  enough  to 
fupply  the  deficiency  :  it  is  hence 
clear, 

lft,  That  to  produce  the  entire 
removal  of  the  quantity  in  EFGH, 
a  confiderable  increafe  muft  be 
added  to  the  fuperabundance  which 
we  have  fuppofed  to  exift  in  CD. 
The  reafon,  therefore,  is  obvious 
why  certain  dimenfions  of  one  me- 
tallic body  convey  without  fufion 
that  charge  which  melts  the  fame 
dimenfions  of  another,  and  why  the 
fame  effects  in  all  metals  are  pro- 
duced only  by  varying  that  quan- 
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.  titty  of  electric  fluid,   to  whofe  in- 
fluence they  are  expofed. 

2dly,  If  the  quantity  and  the  at- 
traction of  the  particles  in  EFGH 
be  much  greater  than  that  of  the 
fuperabundance  in  CD?  and  of  the 
force  by  which  it  tends  to  reflore 
the  equilibrium,    then  the    charge 
will  either  not  pafs  at  all,    or  its 
pafTage  will  be   that  of  the   fluid 
through  a  partial  and  feeble   con- 
ductor, till    fome  means  are  con- 
trived  to  make   its  force   greater 
than  that  of  EFGH.    Hence,  when 
the  conducting  points  are  within  a 
Certain  diftance  of  each  other  in 
aether,  fpirits  of  wine,   and  water, 
low  charges  are  conveyed  through 
them  weakly  and    in    fmall    quan- 
tities ;   but  high  charges  pafs  thro' 
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them  completely  and  with  full  vi- 
gour. In  other  words,  that  re fi fi- 
ance, which  two  jars,  charged  to 
the  height  of  fifteen  grains  repul- 
fion,  cannot  overcome,  gives  way 
very  eafily  to  one  jar  charged  te 
thirty  grains  repuliion. 

3dly,  To  me  the  following  ap- 
pears to  be  the  property  of  electric 
attraction. 

When  half  the  quantity  of  its 
natural  fliare  of  the  fluid  is  taken 
from  any  given  fubftance,  what  is 
left  is  retained  with  the  force  which 
at  firft  attached  the  whole ;  or 
when  one-half  the  number  of  par- 
ticles is  taken  away,  each  remain- 
ing particle  adheres  to  its  bafis  with 
double  its  original  tenacity.  This 
n  4 
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feems  analogous  to  what  takes  place 
in  chemiftry;  in  which  fcience  it  is 
the  language  of  all  experience,  that 
as  the  point  of  faturation  is  ap- 
proached, the  difficulty  increafes  of 
uniting  one  ingredient  with  ano- 
ther ;  and,  vice  verfa,  the  laft  por- 
tion of  feparable  ingredients  is  with 
the  greatefl:  difficulty  feparated. 

Admitting  the  principle  I  have 
advanced  to  be  true,  we  fhall  fee 
the  reafori,  I  think,  why,  in  many 
cafes,  that  portion  of  fluid  which 
refills  the  power  of  a  fingle  jar,  is 
not  to  be  moved  by  an  endlefs 
multiplication  of  fimilar  jars  equally 
charged. 


Thus  fuppofe  the   quantity  and 
adhefion  of  the  fluid  in  EFGH, 
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-to  be  equal  20.  the  contents  of  a 
(ingle  jar  to  be  equal  10.  or  fuch 
as  to  be  kept  in  equilibrio  by  half 
that  refiftance  in  EFGH,  which 
is  expreffed  by  20.  the  addition 
of  a  fecond  jar  would  be  equal 
only  to  5.  of  a  third  jar,  to  2t.  of 
a  fourth,  to  ii.  Nay,  an  infinite 
number  of  jars  would  find  a  re- 
fiftance adequate  to  their  force  in 
each  term  of  an  infinite  feries,  the 
fum  of  which  equals  the  whole 
force  of  EFGH. 

CASE    III. 

Let  us  now  fuppofe  that  any 
fmall  portion  of  EFGH  contains 
a  quantity  of  fluid  equal  to  the 
fuperabundance  of  CD,  it  follows 
from  this  fuppofition,  that  the  dif- 
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charge  takes  place  when  that  fmall 
portion  is  removed  fo  as  to  take 
place  of  the  next  in  fucceflion^ 
and  the  next  again  of  what  fuc- 
ceeds  till  you  come  to  the  termi- 
nation of  EFGH,  and  that  the 
force  of  the  fuperabundance  at 
CD,  towards  its  correfpondent  de- 
ficiency, muft  be  greater  than  the 
attraction  of  all  the  fucceffive  por- 
tions of  EFGH  to  their  balls. 

ill,  If  the  attraction  be  not  in- 
finitely fmall,  the  difficulty  of  fend- 
ing the  charge  thro'  EFGH  muft 
increafe  as  EFGH  lengthens.  This 
is  the  cafe  with  charcoal  and  other 
bodies  which  we  have  examined. 

2dly,  If  the  attraction  to  EFGH 
be  that  which,  when  part  of  the 
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finall  portion  is  forced  off,  the  re- 
mainder is  operated  upon  with  the 
power  which  at  firft  attached  the 
whole  portion;  then  to  facilitate 
the  paffage  of  the  charge,  it  will 
be  neceffary  to  enlarge  that  part  of 
EFGH  which  is  firft  acled  upon. 

FIG.  XLVL 

If,  in  the  line  EF,  there  are  16 
particles,  and  a  force  as  five  will 
drive  off  four,  but  a  force  as  25 
is  neceffary  to  drive  off  eight ;  in 
fuch  a  cafe,  to  make  a  force  as  ten 
drive  off  eight  particles,  the  action 
muft  be  directed  againft  double 
the  length  of  EF ;  for  then  the 
additional   four    come   off  with  as 
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much  eafe  as   the  firft   four  from 
EF. 

This  is  the  cafe  with  water,  fpirit 
of  wine,  &c.  for  when  double  the 
force  will  very  little  increafe  the 
charge  palling  through  a  tube  al- 
moft  capillary,  by  enlarging  the  di- 
ameter of  the  tube,  the  charge  is 
conveyed  thro'  it  with  the  greated 
eafe. 

3dly,  Let  us  fuppofe  the  charge 
adequate  to  the  removal  of  par- 
ticles meafured  by  any  given  part 
of  EFGH,  by  introducing  a  body 
which  yields  its  natural  fhare  to 
the  momentum  of  the  charge  eafier 
than  EFGH,  we  lefTen  the  force 
neceflary  to  the  difcharge.  Hence 
it    is   evident    that   when    acid    is 
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mixed  with  water,  or  water  with 
ipirits  of  wine,  the  ftriking  difiance 
is  increafed,  and  every  ci  re  urn  fiance 
expreffive  of  a  more  eafy  pafTage 
takes  place. 

CASE    IV. 

Let  us  now  fuppofe  that  the  elec- 
.tric  fluid  belonging  to  EFGH  Can- 
not  be  removed  without  a  contem- 
poraneous motion  in  its  other  in- 
tegrant particles;  in  fuch  a  cafe, 
it  is  obvious  that  the  charge,  pre- 
vioufly  to  its  pafTage,  will  have  two 
powers  to  conquer;  that  which  at- 
taches its  natural  fhare  of  the  elec- 
tric fluid  to  EFGH,  and  that  by 
which  the  component  parts  of 
EFGH  adhere  to  each  other. — 
Hence,  when   the    charge    is  fent 
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through  air5  oil,  water,  Sec.  in  cer- 
tain circumftances,  an  expanfion 
takes  place,  capable  of  producing 
very  confiderable  but  various  de- 
grees of  effect.  The  peculiarities 
obfervable  in  thefe  facls  are  what 
may  be  fairly  inferred  from  the 
nature  of  the  caufe  which  operates. 

lft,  Let  us  fuppofe  that  a  ball, 
D,  is  moved  by  any  given  force, 
and  with  its  received  motion  is  to 
ftrike  another  ball,  E;  if  D  be 
impeded  by  no  friclion,  or  be  ad- 
herent to  no  other  fubftance,  then 
it  will  imprefs  E  with  the  whole 
force  it  received ;  but  if  it  adheres 
to  any  other  body,  then  it  will  ftrike 
E  with  a  force  diminifhed  in  pro- 
portion to  the  flrength  of  the  ad- 
herence.    Hence  we  find  that  the 
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particles  of  air  expand  much  more 
forcibly  than  particles  of  oil;  for 
the  latter  are  united  with  a  tena- 
city to  each  other,  which  does  not 
take  place  amongft  the  former. 

2dly,  In  proportion  to  the  de- 
gree of  adherence  which  impedes 
the  removal  of  D,  fo  will  the 
number  of  fuch  particles  be  as  are 
capable  of  being  removed.  Hence 
we  find,  that  where  the  expanfion 
is  greateft,  owing  to  the  mobility 
of  the  conducting  medium,  there 
the  length  of  the  fpace,  through 
which  the  charge  paffes,  is  greateft ; 
that  charge  which  paffes  through 
five  inches  in  air,  will  pafs  through 
three-eighths  of  an  inch  only  in 
oil.  I  make  a  comparifon  between 
oil  and  air ;  for  they  are   the  only 
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fubftances  which  conduct  no  charge 
whatever  without  expanfion.  This 
is  not  the  cafe  with  sether,  fpirits 
of  wine,  water,  &c.  A  partial 
difcharge  may  be  conveyed  thro' 
them  without  any  fenfible  motion, 
and  in  confequence  of  this  pecu- 
liarity, the  expanfion,  produced 
when  the  charge  paffes  through  the 
luminous  diftance,  is  diminifhed,  fo 
that  the  force  is  afTecled  by  a  caufe 
which  does  not  operate  in  the  pre- 
ceding inftances. 
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A  THEORETICAL  EXPLANATION  OF  THE 
METHOD,  ACCORDING  TO  WHICH  THE 
ELECTRIC  FLUID  OPERATES,  WHEN 
GLASS  AND  OTHER  SOLID  ELECTRICS 
ARE  BROKEN  BY  THE  EXPLOSION. 

I  have  already  informed  you, 
that  when  the  charge  is  conveyed 
from  one  point  to  another,  placed 
within  a  given  diftance  in  oil,  wa- 
ter, &c.  the  glafs  tubes  containing 
thefe  fluids  are  always  broken. — ■ 
This  effeft;  is  not  peculiar  to  glafs ; 
it  is  equally  certain  upon  fealing- 
wax,  rofin,  fulphur,  and  all  brittle 
non-electrics.  By  the  words  brittle. 
non-electrics,  I  mean  fuch  as  are 
capable  of  being  cracked  in  confe- 
quence  of  percuffion ;  for  when  the 
electric  is  foft,  Tike  bees-wax  a  little. 

vol.  11.  o 
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warmed,  a  fmall  perforation  is  the 
only  apparent  feparation  of  parts 
which  I  have  been  able  to  dif- 
cover. 

It  is  difficult  to  determine  what 
thicknefs,  or  whether  any  thicknefs 
in  the  fides  of  the  tubes,  will  pro- 
tect them  againft  this  peculiar  ac- 
tion of  the  charge  in  its  paffage. 
I  have  broken  a  column  of  glafs, 
whofe  diameter  was  not  lefs  than 
three  inches,  and  whofe  cavity, 
which  contained  the  w7ater,  did  not 
exceed  one-fourth  of  an  inch  in 
diameter.  I  have  frequently  burft 
a  green  glafs  -bottle,  in  which  the 
diftance  on  each  fide,  between  the 
conducting  points  and  the  fides  of 
the  glafs,  was  not  lefs  than  two 
inches  and  a  half. 
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I  took  care,  in  all  my  experi- 
ments, that  no  preffiire  confined 
the  water;  and  I  obferved,  that 
when  the  glafs  broke,  not  the  leaft 
expanfion  took  place  in  the  water. 
— Sometimes,  however,  the  charge 
would  pafs  luminous  without  break- 
ing the  glafs ;  in  that  cafe  there  was 
a  very  Jlriking  degree  of  expanfion 
in  the  whole  body  of  the  water. 

An  explanation  of  the  preceding 
is  the  eafy  confequence  of  an  at- 
tention to  thofe  explanations  of 
fimilar  facls,  which  have  been  given 
by  fome  of  our  bed  philofophers, 

FIG,  XLVIL 

Let  AB  reprefent  a  lever  deli- 
cately balanced  upon  the  fulcrum 
o  2 
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C;  when  the  extremity  A  is  (truck. 
its  adherence  to  the  feveral  parts 
of  the  lever,  which  I  have  repre- 
fented  in  the  figure  by  little  circles, 
will  communicate  its  motion,  by  a 
fucceffion  of  infinitely  fmall  por- 
tions of  time,  from  one  to  the  other 
till  it  pervades  the  whole;  and 
when  this  takes  place,  then  only 
does  the  lever  turn  round. 

Now  if  the  velocity,  communi- 
cated by  the  percuffion  or  blow, 
be  fo  great  as  to  remove  the  part 
or  circle  at  the  extremity,  A,  out 
of  the  fphere  of  the  attraction  of 
the  next  particle  before  the  mo- 
tion can  be  communicated  to  all 
the  parts  of  the  lever,  then  the  part 
A  will  be  ftruck  off  or  feparated 
from  its  connection  with  the  reft  of 
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the  lever,  which  of  courfe  will  not 
be  turned.  What  is  thus  deduced 
as  a  neceffary  confequence,  from 
the  well  known  principles  of  mo- 
tion, is  clearly  illuftrated  and  proved 
by  experiment. 

If  the  lever,  AB,  be  made  of 
wood,  a  piftol  bail  will  ftrike  off 
a  part  of  the  wood  equal  to  what 
it  occupies  in  its  paflage,  but  will 
not  in  the  lead  affecl  the  lever, 
though  fufpended  with  the  utmoft 
delicacy. 

A  mufket  ball  will  pafs  through 
a  board  fufpended  by  the  fineft 
hair,  without  caufing  the  leaft 
change  of  pofition.  In  making 
*hefe  experiments,  great  care  mould 
o  3 
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be  taken  that  the  perfon,  who  fires 
the  piftol  or  the  mufket,  be  fo  far 
diftant  that  the  concuffion  of  air, 
caufed  by  the  explofion  of  the 
powder,  fhall  not  affecl:  the  board 
or  the  lever. 

We  may  confidently  affert,  that 
the  velocity  of  the  action  of  the 
electric  fluid  is  feveral  thoufand 
times  greater  than  that  of  the  moft 
potent  gun-powder. 

It  is  reafonable,  then,  to  fup~ 
pofe  that  when  it  paffes  through 
any  part  of  a  body,  it  may  exer- 
cife  its  force  on  that  part  of  the 
body  which  is  immediately  expofed 
to  the  action  of  the  fluid,  much 
more  rapidly  than  its  force  can  be 
communicated  to  the  whole  body. 
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FIG.  XLVIII. 


Let  ABCD  reprefent  a  quantity 
of  oil  or  water;  let  abed  be  the 
part  through  which  the  eleclric 
fluid  paries  with  a  velocity  infi- 
nitely great;  the  oil  within  the 
fpace,  abed,  will  be  moved  juft  as 
the  extremity  of  the  lever  was  by 
the  piftol-fhot,  with  a  very  great 
momentum,  and.  as  we  find  by 
the  experiment,  no  motion  will  be 
communicated  to  the  parts  above 
or  below,  but  the  momentum  of 
the  oil  will  be  communicated  to 
the  particles  of  glafs  lying  in  the 
direction  of  their  motion,  and, 
agreeably  to  what  takes  in  the  oil, 
the  particles  of  glafs  will  be  fepa- 
o  4 
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rated  before  thofe  above  or  below 
them  can  be  affecled. 

The  greater  or  lefs  brittlenefs  of 
a  body  is  nothing  more  than  the 
greater  or  lefs  force  by  which  the 
parts  of  a  whole  body  are  kept  to- 
gether. The  extremity  of  a  glafs 
rod  is  broken  off  eafier  than  the 
extremity  of  a  wooden  or  metallic 
rod,  becaufe  the  particles  of  the 
whole  rod  are  not  fo  clofely  con- 
nected in  the  one  cafe  as  in  the 
other;  confequentiy,  not  fo  ready 
to  diffufe  generally  an  effect  ap- 
plied partially. 

What  takes  place  as  the  confe- 
quence  of  all  other  kinds  of  per- 
cuflion,  is  exaclly  fimilar  to  the 
effects  of  electricity.      The  wood 


ELECTRICITY.  201 

muft  be  very  thin  indeed,  which  is 
broken  when  placed  in  the  fituation 
of  abed.     Suppofe  that,  in  this  fitu- 
ation, a  fubftance  could  be  placed 
which  would  not  give  way  at  all, 
then  the  momentum  muft  be  ge- 
nerally diffufed  through  the  whole 
mafs  of  the  oil :  we  confequently 
find,  that  when  abed  is  furrounded 
by  wood  of  a  certain  thicknefs,  no 
fracture  enfues,  and  the  explofion 
is  followed  by  that  general  expan- 
fion  which  feveral  experiments,  al- 
ready fhewn  to  you,  were  defigned 
to  meafure, 
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THE  APPLICATION  OF  ELECTRICITY  TO  THE 
APPEARANCES  OF  NATURE. 


THUNDER. 

It  fhall  now  be  my  endeavour 
to  acquaint  you  with  the  progrefs 
made  by  philofophers,  in  applying 
electricity  to  the  ftudy  of  nature. 
The  advantage  of  the  fcience  in 
this  relation  would  appear  moll 
(trikingly,  if  I  had  time  to  amplify 
on  the  darknefs  which  involved  the 
fubject.s  it  has  illuminated,  or  if  I 
could  minutely  defcribe  thofe  theo- 
ries whofe  departure  is  of  a  date 
fo  recent  as  to  have  left  traces  of 
their  exiftence  in  the  memories 
and  prejudices  of  many  philofo- 
phers   {till    living.      We    have    no 
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time,  however,  for  expofing  the 
errors  of  our  predeceffors,  and  we' 
fhall  better  employ  ourfelves,  if, 
inftead  of  fquandering  our  atten- 
tion upon  mi  (lakes,  we  direct,  the 
whole  force  of  it  to  the  due  exa- 
mination of  received  truths. 

It  is  remarkable,  that  the  mofl 
fuccefsful  and  important  application 
of  electricity  to  the  appearance  of 
nature  was  theJzr/2.  The  fnapping 
noife  of  the  fpark  engaged  Mr. 
Grey's  fancy,  as  having  fome  fimi- 
larity  to  the  noife  of  thunder.— 
Till  the  conjectures  of  the  Abbe 
Nollet,  however,  we  find  nothing, 
either  in  the  fpeculations  or  pur- 
fuits  of  electricians,  to  favour  Mr. 
Grey's  firft  ideas.  The  Abbe's  lan- 
guage is  indeed  very  linking,  and 
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reflects  great  credit  upon  his  cha- 
racter as  a  theorift;  but  it  gives 
him  no  portion  of  that  diftinguifhed 
praife  which  Dr.  Franklin  has  de- 
rived, as  well  from  the  mode  of 
argumentation  as  from  the  expe- 
riments which  have  eftablifhed  the 
immediate  agency  of  the  electric 
fluid  in  the  production  of  thunder, 
lightning,  and  all  their  concomi- 
tant appearances.  The  flrft  endea- 
vours of  this  admirable  philofopher 
are  defigned  to  guard  us  againft 
the  conception  of  any  difficult) 
from  the  amazing  difference  in  de- 
gree which  fubfifts  between  the  ef- 
fects of  our  electrical  experiments 
and  thofe  produced  by  the  vaft  ap- 
paratus of  nature.  If  our  ears  be 
{tunned  by  the  explofion  of  a  final! 
battery,    the    loudnefs   of  thunder 
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cannot  exceed  what  we  mould 
hence  reafonably  expe6t,  when  we 
fuppofe  that  in  one  cafe  a  few  feet 
only  are  charged,  and  in  the  other 
a  furface  adequate,  perhaps,  to  that 
of  10,000  acres.  The  refemblance 
between  the  caufe  of  thunder  and 
the  electric  fluid  is  marked  out  by 
Dr.  Franklin  as  confiding  ii\  a 
great  number  of  leading  particulars. 

lft,  The  zig-zag  appearance  of 
lightning  is  exactly  fimilar  to  that 
of  the  electric  fpark  or  fhock. 

2d,  Lightning  (hikes  fuch  ob- 
jects as  are  high  and  prominent, 
viz.  the  fummits  of  hills,  the  ex- 
tremities of  lofty  branches,  fpires* 
the  mails  of  mips,  Sec.  The  elec- 
tric fluid,  when  a  fimilar  oppor- 
tunity is  offered,  will  always  prefer 
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finking  into  a  point5    rather  than 
into  a  blunted  body. 

3d,  The  fame  bodies,  which  are 
good  or  bad  conductors  of  the  elec- 
tric fluid,  are  equally  fo  of  that 
which  caufes  lightning. 

4th,  Lightning  burns,  fo  does  the 
electric  fluid. 

£th,  The  fame  may  be  obferved 
of  the  fufion  of  metals. 

6th,  Thofe  bodies  which  are  rent 
by  the  paffage  of  the  electric  fluid, 
are  affected  in  a  fimilar  manner  by 
lightning. 

7th,  lightning  has  been  known 
to  ftrike  men  with  blindnefs.  Dr. 
Franklin  produced  a  fimilar  effect 
on  a  pigeon,  by  pafling  through  it 
a  large  charge  of  electric  fluid. 
■  8th,  Lightning  deftroys  animal 
life,  fo  does  the  electric- charge. 
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9th,  Both  caufes  have  the  fame 
power  of  making  iron  magnetic. 

Few  theories  in  natural  philofo- 
phy  are  fupported  by  reafons  fo 
convincing  as  thofe  which  I  have 
now  enumerated.  The  Franklinian 
theory  of  lightning,  though  efta- 
blifhed  by  them,  is  moreover  de- 
monftrable  without  their  concur- 
rence; for  the  author  of  it  con- 
trived to  empty  the  clouds  of  their 
ingredients,  and  to  make  thefe  the 
fubjecl;  of  examination  by  our  fenfes. 
He  raifed  a  kite,  which  had  an  iron 
pointed  rod  fixed  to  it.  He  ufed 
a  hempen  cord,  wetted ;  the  extre- 
mity of  this  cord  was  faftened  to 
a  key,  and  feparated  from  the  hand 
by  a  filk  handkerchief.  The  firft 
eleclric  appearance,  obferved  by 
the  aid  of  this  apparatus,   was  the 


208  LECTURES     ON 

feparation  or  the  erection  of  the 
loofe  hempen  threads  which  ftuck 
to  the  cord.  This  circuniftance 
led  him  to  apply  his  knuckle  to  the 
key,  by  which  means  he  received 
a  very  evident  electric  fpark,  and 
foon  after  a  very  copious  difcharge 
of  the  eleclric  fluid.  By  the  aid 
of  an  infulated  conductor,  fattened 
to  his  houfe,  he  procured  fuch  re- 
petitions of  the  fame  fafts  as  were 
fully  fatisfa&ory.  Dr.  Prieftley  has 
given  a  very  entertaining  hi  (lory 
of  this  difcovery.  It  well  deferves 
your  attention;  I  (hall  therefore 
refer  you  to  his  work.* 

Your  minds,  I  mould  fuppofe, 
can  now  retain  no  doubts  about 
the  caufe  of  thunder  and  lightning, 

*   Hift.  of  Electricity,    Vol.1,  p.  217. 
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or  that,  fome  way  or  other,  it  is 
produced  by  the  electric  fluid.  I 
will  therefore  proceed  to  the  more 
particular  application  of  the  Frank- 
linian  theory  to  this  fubject.;  for 
when  the  agency  of  the  electric 
fluid  in  the  production  of  lightning 
is  acknowledged,  our  next  bufinefs 
ihould  be  to  illuftrate  the  probable 
mode  of  that  agency. 

ift,  We  are  furnifhed  with  expe 
riments  without  number  to  prove, 
that  during  the  time  of  a  thunder 
ftorm  there  is  a  contemporaneous 
accumulation  and  deficiency,  or  two 
parts  in  the  atmofphere  that  are  in 
the  oppofite  ftates  of  pofitive  and 
negative.  By  the  aid  of  an  infu- 
lated  conductor  this  proof  is  eafily 
obtained;    for    fuch    a    conductor 

vol.  11.  p 
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will  mew  pofitive  and  negative 
figns,  alternately,  feveral  times 
within  the  fpace  of  an  hour.  This 
is  purely  the  confequence  of  mo- 
tion in  the  clouds ;  for,  during  one 
inftant,  the  pofitive  cloud  will  be 
over  your  conductor,  and  when 
that  has  departed,  its  correfpondent 
negative  cloud  fucceeds,  and  thus 
produces  the  defcribed  effect.  But, 

2dly,  We.muft  readily  perceive 
the  nature  of  the  thunder  clap,  and 
its  concomitant  lightning,  when  we 
have  once  acknowledged  what  I 
have  now  endeavoured  to  prove ; 
for  whenever  the  accumulation  and 
its  correfpondent  deficiency  arrive 
to  a  certain  height  of  charge,  the 
equilibrium  is  reftored  by  a  fudden 
cxplofion,    which  refembles   in  its 
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circumftances  the  fpontaneous  dif- 
charge  of  a  Leyden  phial :  for  in 
both  cafes  the  fluid  choofes  that 
channel  which  affords  the  eafieft 
paffage,  or  is  endowed  with  the 
greateft  fhare  of  conducting  power. 

In  my  opinion,  the  greateft  di- 
versities of  a  thunder  ftorm  pro- 
ceed from  this  Jingle  circumjiance  : 
Nineteen  out  of  twenty,  nay,  with 
fafety  I  may  affert  that  ninety-nine 
thunder-claps  out  of  one  hundred, 
are  nothing  more  than  the  harmlefs 
difcharge  of  one  cloud  into  ano- 
ther. When  thofe  rare  inftances 
happen,  in  which  the  accumulation 
ftrikes  into  the  earth,  /  cannot  pof- 
Jibly  conceive  the  deficiency  to  be  in 
the  earth  ;  but  in  fome  other  cloud 
to  which  an  eafier  paffage  is  found 
p  2 
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through  fo  good  a  conductor  as  the 
wet  earth,  than  through  a  body  of 
air  which  is  a  perfecl  non-con- 
duclor. 

I  am  lingular  in  this  fuppofition. 
The  novelty  of  it  requires  that  J 
mould  amplify,  and  thus  do  juftice 
to  you  as  well  as  to  myfelf. 

It  has  hitherto  been  the  language 
of  ele6tricians,  that  every  difcharge 
of  the  electric  fluid,  either  from 
the  clouds  into  the  earth,  or  from 
the  earth  into  the  clouds,  is  no- 
thing more  than  the  difcharge  of  a 
pofitive  cloud  to  fupply  a  defi- 
ciency exiting  fomewhere  or  other 
in  the  earth,  or  of  a  fuperabun- 
dance  in  the  earth  to  fupply  a  de- 
ficiency   in  the    clouds.       To   this 
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theory  my  objections  are  the  fol- 
lowing : 

id,  We  have  not  been  furnifhed 
by  artificial  electricity  with  a  fingle 
fa£l,  in  which  a  conducting  fubjlance 
is  capable  either  of  taking  a  fuper- 
abundance,  or  of  lofing  a  part  of 
its  natural  mare.  The  coatings  on 
both  fides  of  charged  jars  may  be 
removed,  and  the  quantity  of  elec- 
tricity will  fiill  remain  undifturbed. 
Conduclors,  fufpended  in  air,  may 
be  annihilated,  and  the  air  fiill  con- 
tinue either  in  its  pofitive  or  nega- 
tive ftate.  If  you  fufpend  an  infu- 
lated  chain,  and  charge  it,  by  drop- 
ping the  chain  into  the  cup,  and  then 
remove  it,  no  electricity  will  be 
found  in  the  cup,  but  the  atmo- 
fphere,  which  previoufiy  to  the  re- 

*  3 
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moval  furrounded  the  fame  cup, 
will  continue  to  be  equally  charged. 
— The  fuppofitions  of  Lord  Stan- 
hope, and  his  account  of  the  man 
who  was  (lain  by  thunder  without 
light,  are  directly  contrary  to  what 
I  regard  as  efTential  principles  of 
this  fcience.  But  in  philofophy, 
we  muft  bow  to  the  authority  of 
facts  only,  and  of  thefe  I  have  not 
yet  feen  any  in  which  the  conduct- 
ing fubftance  itfelf,  and  not  the 
air  furrounding  it,  is  capable  either 
of  a  fuperabundance  or  a  defici- 
ency.    But, 

2dly,  In  the  prefent  inftance  we 
may  reafon,  not  from  experience 
only,  but  from  theory  alfo.  The 
accumulation  in  one  part  of  the 
body  fuppofes  an  intermediate  re- 
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fiflance  between  it  and  the  other 
part  of  the  fame  body  in  which 
the  deficiency  is  found,  eg.  As 
foon  as  the  leaft .  fiffure  takes  place 
in  the  glafs,  the  fluid  immediately 
pafles  from  one  fide  to  the  other ; 
or  if  an  electric  of  any  kind  be 
covered  with  moifture,  it  is  well 
known  that  the  greateft  power  of 
artificial  electricity  is  incapable  of 
communicating  any  charge  to  it. 
How  then  can  we  fuppofe  that  a 
metallic  or  any  other  conducting 
fubftance,  which  by  its  nature  pre- 
cludes all  poffibility  of  the  refift- 
ance  neceffary  in  thefe  cafes,  fhould 
be  capable  of  the  effect,  in  queflion, 
or  of  an  electrical  charge  ? 

3dly,  No  man  will  doubt  the  con- 
ducting power  of  the  earth ;    and  if 
p  4 
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what  has  been  juft  obferved  be 
true,  how  is  it  poffible  that  it  fhould 
fo  far  differ  from  other  conducing 
fubftances  as  to  admit  of  a  corref- 
ponding  pofitive  and  negative  ? 
But, 

4thly,  It  is  univerfally  acknow- 
ledged by  electricians,  that  no  body 
can  contain  more  than  its  natural 
fliare  of  the  electric  fluid.  How  is 
the  common  theory  to  be  recon- 
ciled to  this  principle?  If  it  be  al- 
ferted  that  the  fuperabundance  is 
in  the  air,  and  the  negative  in  the 
earth,  then  the  air  muft  have  more 
than  its  natural  fhare  of  the  fluid, 
and  the  earth  lefs.  Vice  vena,  the 
fame,  according  to  this  theory,  may 
be  obferved  of  the  earth  and  the 
air. 
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The  four  objections  which  I 
have  now  ftated  are  oppofed  im- 
mediately to  the  fuppofition  that 
the  earth  can  be  charged  at  all 
by  itfelf,  or  in  conjunction  with 
the  atmofphere.  The  only  ima- 
ginable hypothecs  muft  be  derived 
from  allowing  the  atmofphere  alone 
in  this  inftance  to  be  capable  of  an 
eleftric  charge.  Indeed,  the  rea- 
fonablenefs  of  fuch  an  hypothecs 
cannot  be  denied.  It  is  the  necef- 
fary  confequence  of  the  Frank- 
linian  theory,  that  if  it  ever  have 
a  fuperabundance  in  one  part,  it 
muft  have  a  correfpondent  defici- 
ency in  fome  other.  Now,  be- 
tween thefe  parts,  let  the  earth  be 
fuppofed  to  lie,  and  in  confe- 
quence of  its  being  a  good  con- 
ductor, it  muft  aft;  as  a  difcharging 
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rod,  and  in  this  capacity  will,  1 
think,  account  for  all  the  appear- 
ances of  thunder  in  its  paffage  to 
and  from  the  earth.  The  caufe  af- 
figned  is  fuch  as  muft  acl:  in  fome 
cafes;  it  is,  I  think,  in  all  cafes 
adequate  to  the  effects  produced. 

ift,  Let  the  pofitive  cloud  be  fuf- 
pended  at  fome  diftance  from  the 
earth,  and  feparated  from  it  by  a 
body  of  air  which  is  not  charged 
with  any  of  the  fluid.  Though  the 
negative  portion  of  the  atmofphere 
touched  the  earth  in  this  cafe,  the 
infulation  would,  notwithstanding, 
be  perfect;  and  when  the  motion 
of  the  cloud  leffened  its  heighth 
above  the  earth,  fo  as  to  bring  it 
within  the  ftriking  diftance,  then 
a  thunder  clap  would  take  place, 
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and  one  flam  of  lightning  only 
would  appear ;  for  as  long  as  the 
negative  portion  lay  on  the  fur- 
face,  the  communication  of  the  fu- 
perabundance  would  be  made  thro' 
fo  many  points  of  contact,  as  to 
prevent  the  appearance  of  one 
compact,  body  of  the  fluid.  An 
effect,  fimilar  to  what  I  have  now 
obferved,  takes  place  in  the  dif- 
charge  of  the  Ley  den  phial.  If, 
when  the  rod  forms  the  communi- 
cation, it  touches  neither  the  out- 
fide  nor  the  infide,  then  two  fparks 
will  appear  at  the  fame  inftant; 
but  if  the  rod  mould  touch  the 
outfide,  and  only  approach  the  in- 
fide, then  one  fpark  only  will  ap- 
pear. 

2dly,   If  the  pofitive  cloud  were 
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in  contact  with  the  earth,  and  the 
negative  at  fome  diftance  above  it, 
then  (for  reafons  fimilar  to  what  I 
have  afligned  in  the  preceding  cafe) 
the  charge  would  appear  to  ftrike 
into  the  negative  only,  and,  agree- 
ably to  what  takes  place  in  nature, 
the  thunder  would  actually  pafs 
from  the  earth  into  the  clouds. 

3dly,  If  both  clouds  be  infulated, 
but  not  fo  as  that  their  joint  dif- 
tances  mall  be  greater  than  the 
finking  diftance,  in  fuch  a  cafe, 
two  ftrokes  will  appear  at  once, 
agreeably  to  what  I  have  fre- 
quently obferved  in  the  courfe  of 
my  attention  to  thefe  appearances. 

4thly,  If  the  eminences  and 
pointed     terminations,    which     are 
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fcattered  over  the  furface  of  the 
earth,  approach  near  enough  to  in- 
fluence the  pofitive  cloud;  if  other 
eminences,  and  in  a  different  part, 
are  alike  near  to  the  negative 
cloud,  the  appearances,  ufually 
fhewn  by  elevated  conductors,  muft 
take  place,  and  thefe  appearances 
muft  vary  from  pofitive  to  nega- 
tive, as  their  motion  will  vary  the 
pofition  of  the  clouds,  and  confe- 
quently  their  relative  diflances  from 
the  conductor. 

I  muft  obferve  here,  that  the 
cafe  in  which  two  different  flames 
of  lightning  appear  contempora- 
neoufly  in  different  parts  of  the 
heaven,  are  not  eafily  explicable 
by  the  common  theory,  without  in- 
troducing more  caufes  than  are  re- 
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quifite  for  the  affigned  effect.  To 
explain  this  appearance,  electricians 
in  general  have  fuppofed  that  a 
pofitive  and  negative  are  in  the 
air,  and  at  the  fame  time  another 
pofitive  and  negative  in  the  earth ; 
that  the  pofitive  in  the  air  ftrikes 
into  the  negative  in  the  earth,  and 
the  pofitive  in  the  earth  into  the 
negative  in  the  air.  The  objections 
I  have  made  to  the  poffibility  of 
charging  a  conducting  fubftance, 
operates  ftrongly  here,  and  befides, 
it  is  manifeft,  I  believe,  from  the 
explanation  I  have  given,  that  this 
complicate  fuppofition  is  not  at  all 
neceffary. 

I  would  further  obferve,  that  the 
fudden  and  frequent  changes  from 
pofitive  to  negative,  fhewn  by  ele^ 
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vated  conductors,  are  wholly  mys- 
terious to  thofe  who  adopt  the 
common  theory :  for  if  the  corre- 
fpondent  fuperabundance  or  defi- 
ciency be  in  the  earth,  what  be- 
comes of  it  when  the  change  takes 
place  without  any  apparent  dif- 
charge  of  the  fluid  in  the  form  of 
thunder  ?  A  gradual  difcharge  will 
not  remove  the  difficulty. 

As  prefumptive  evidences  only, 
for  the  fuppofition  that  the  earth 
acls  as  a  difcharging-rod,  I  mail 
enumerate  a  few  circumflances, 
which  are  confidered  and  allowed 
to  be  general  attendants  of  a  thun- 
der  florm. 

id,  Damages  are  commonly  dorie 
when  the  clouds  are  very  low. 
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2d,  Damages  ufually  take  place 
when  the  earth  is  moiftened,  and 
thus  rendered  moft  powerful  as  a 
conductor, 

3d,  By  comparing  a  great  num- 
ber of  accounts  of  thunder  ftorms, 
two  out  of  three  nearly  will  be 
found  to  have  happened  near  fome 
great  river,  or  near  thofe  parts  of 
the  earth  which  afford  the  leaft  re- 
fiftance  to  the  paflage  of  the  elec- 
tric fluid. 

Having  fully  explained  to  you 
my  ideas  of  the  manner  in  which 
the  earth  is  expofed  to  the  dangers 
of  lightning,  I  now  proceed  to  a 
a  third  circumftance  obfervable 
among  ft  the  concomitants  of  thun- 
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der    which    deferves    inveftigation, 
viz. 

THE  FORM  OF  THE  FLASH. 

This  is  various;  die  zigzag  is 
fometimes  larger  than  at  other  times, 
and  in  many  inftances  the  current 
divides  itfelf  into  feveral  diftinct 
dreams.  The  diverfities  of  the  zig- 
zag might  be  expected  from  the  he- 
terogenous nature  of  our  atmo- 
fphere,  in  which  particles  of  matter, 
whofe  conducting  power  vary  much 
in  degree,  are  placed  with  no  con- 
ftant  order.  The  fluid,  therefore, 
in  paffing  through  the  air,  and  in 
Itriking  to  thefe  particles,  as  to 
fo  many  ftepping-blocks  irregularly 
placed,  can  feldom  be  feen  twice 
fucceflively    to    obferve    the    fame 

vol.   11.  o 
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track.      The  divifion  of  the  light- 
ning  into  feveral  diftinct.   ftreams, 
I  have  very  well  imitated  by   an 
experiment  which  I  made  in  confe- 
quence  of   conjecturing  the   caufe 
on    which   it   depends.      You   well 
know,  that  the  effecl:  of  the  charge 
which  paffes  from  the  pofitive  fur- 
face  of  a  body  to  its  negative,  de- 
pends very  much  on  the   conduct- 
ing   power    of    that    intermediate 
body  which   connects   them.      If  a 
tube,  one-fourth  of  an  inch  in  dia- 
meter,   filled   with    water,    be  em- 
ployed as  the  difcharging-rod  of  a 
very  large  battery,  it  is  a  very   tri- 
fling effecl  that  is  produced;    but 
if  feveral  of  thefe  tubes  be  ufed,  a 
portion  of  the  fluid  will  pafs  through 
each  tube  in  the  form  of  a  diftinct. 
ftream  to  the  outfide  of  the  jar. 
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FIG.  XLIX. 

A  is  the  reprefentation  of  a 
Leyden  phial;  ab,  cd,  ef,  Sec.  are 
glafs  tubes  one-fourth  of  an  inch  in 

o 

diameter,  and  filled  with  water; 
they  are  terminated  by  metal- 
lic balls,  which  are  at  equal  dis- 
tances from  other  metallic  balls, 
whofe  affixed  wires,  1,  m,  n,  are 
connefted  by  a  chain  with  the 
outfide  of  the  jar  A.  BC  is  a  me- 
tallic rod  terminated  by  two  me- 
tallic balls,  and  turning  round  on 
an  infulated  pivot,  fo  that  at  the 
fame  inflant,  in  which  it  touches  E, ' 
it  may  like  wife  touch  DG,  which 
is  connected  with  the  infide  of  all 
the  tubes.  You  fee  that  a  com- 
plete circuit  is  thus  formed,  and 
o  2 
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upon  trial,  you  may  likewife  ob 
ferve,  that  the  charge  will  pafs  in 
feveral  diftincl:  flreams  from  a  to  1, 
from  c  to  m,  from  e  to  n,  and  fo 
on.  In  nature  the  erTecl:  is  fimilar 
to  what  I  have  now  exemplified. 
The  charge  of  the  cloud  finds  in 
the  earth  feveral  diftincl;  paffages  at 
once,  each  of  which  carries  its  fe- 
parate  portion,  and  as  they  termi- 
nate in  different  parts  of  the  atmo- 
fphere,  muft  be  the  means  of  con- 
veying the  fluid  in  fo  many  diftincl 
directions  to  the  deficiency  or 
from  the  fuperabundance.  I  have 
fcarcely  ever  examined  the  devaf- 
tations  of  a  thunder-ftorm,  without 
feeing  {Inking  evidences  of  its 
being  divided  through  more  cur- 
rents than  one.  Some  electricians, 
owing  to  their  ignorance  of  what 
I  have  juft   explained,   have   been 
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very  much  perplexed  in  tracing  the 
direction  of  particular  ftrokes. 

THE    PECULIARITIES    ATTENDING    THE 
NOISE  OF  THUNDER. 

All  founds,  which  come  from  a 
confiderable  diftance,  ftrike  the  ear 
with  fucceflive  reverberations.     It 
is  an  effect  which  fpreads  in  all  di- 
rections, and  there  are  but  few  ob- 
jects   from   which  it   will    not    re- 
bound;    confequently,    thefe     re- 
boundings,  as  they  come  from  ob- 
jects   more    or   lefs    diftant,    muft 
ftrike  the  ear  at  different  inftants  of 
time.     The  explofion  of  a  cannon, 
owing   to    this    caufe,    if    you    be 
within  one  mile  of  it,  after  the  firft 
pounce,  is  always  followed  by  a  fe- 
ries  of  other  founds,   which  are  lefs 

Q  3 
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loud  as  they  are  later,  or  as  the  vi- 
bration is  communicated  from  ob- 
jects which  are  more  and  more 
diftant. 

The  obfervations,  which  I  have 
now  made,  may  be  accurately  ap- 
plied to  fuch  peculiarities  as  at- 
tend the  noife  of  thunder.  The 
explofion,  at  a  little  diftance,  is 
always  attended  with  a  grumbling 
hoarfenefs  or  noife,  whofe  violence 
gradually  dies  away.  If  the  ex- 
plofion be  very  near,  the  crafh 
is  inftantaneous,  and  exactly  fimi- 
lar  to  what  you  hear  when  you 
are  clofe  to  the  difcharge  of  a  can- 
non. If  it  be  heard  in  a  high  and 
uneven  country,  where  the  objects 
capable  of  reverberating  are  nume- 
rous, the  noife  is  that  of  a  long  and 
broken  fuccefiion  of  claps,  which 
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vary  in  loudnefs,  not  with  the 
length  of  time,  but  with  the  nature 
and  circumftances  of  the  reverbe- 
rating objects.  At  fea  there  is  no 
diverfity  in  the  reverberating  bo- 
dies, and  the  feries  of  thunder- 
founds  is  regular,  and  decreafes  in 
loudnefs  as  the  length  of  time  in- 
creafes. 

I  muft  not  here  omit  the  eafy 
method  by  which  you  may  know 
the  diftance  of  a  thunder-flroke. 
By  obferving  the  flafh,  and  by 
counting  the  moments  which  ef- 
cape  between  the  flam  and  the  roar, 
you  are  furnifhed  with  fufficient  ' 
data  for  this  purpofe;  for  found 
travels  at  the  rate  of  186,768 
feet  in  a  minute :  by  reducing 
this  portion  of  time  into  feconds, 
o  4 
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and  allowing  for  each  its  proper 
number  of  feet,  you  get  with  ac- 
curacy the  diftance  of  the  ftroke 
in  a  direct  line  from  your  own  fitu- 
ation.  But  the  diftance  thus  afcer- 
tained,  is  by  no  means  the  mea- 
fure  of  our  removal  from  danger; 
for  if  what  I  have  faid  on  this  fub- 
ject.  be  admiflible,  it  muft  appear 
that  the  difcharge  of  the  fluid  into 
the  earth  may  be  very  diftant  from 
the  part  in  which  it  returns  again 
to  the  clouds. 

THE  COLOURS  OF  THE  FLASH. 

The  flafli  is  various  in  its  colours, 
and  this  variety  depends  very  much 
on  the  denfity  of  that  medium 
thro'  which  the  light  has  paffed. 
The  air,  at  the  time  of  a  ftorm, 
is    generally     thick,     and    it    fel- 
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dom  happens  that  the  light  is   fo 
vivid  as  not  to  be  gazed  at  without 
great   inconvenience   to  the   eyes. 
A  ftorm  is  lately  faid  to  have  hap- 
pened,   which   killed    a  man    and 
fome  horfes,  without  any  appear- 
ance of  light.      I    have  carefully 
examined   the  evidences    of    this 
ftory,    and    I    feel    no    difpofition 
to  regard  it  with  the  leaft  credu- 
lity.    That    two   common  men,  a 
Scotch    fhepherd    and    a     Scotch 
carter,    who    acknowledge    them- 
felves  to  have  been  ftunned  at  the 
time  by  the  noife,   and  who  were 
evidently    frightened    before    they 
took  any  notice  of  the  furrounding 
objects,  mould  not  have  feen  the 
flafh,  whofe  roar  firft  awoke  them 
into  the  ufe  of  their  eyes,  is  not 
half  fo  wonderful   as    that  feveral 
learned  men  fhould  regard  the  for- 
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getfulnefs  of  fuch  terror  and  flupir 
dity,  as  an  evidence  that  no  flajh 
could,  befeen.  I  was  once  prefent  at 
the  examination  of  fome  poor  per- 
fons,  who  may  be  fuppofed  equally 
refpectable  in  their  intellects  with 
the  carter  and  fhepherd  in  quefiion, 
and  who  were  on  the  fpot  when  a 
houfe  was  fired  by  a  thunder-ftorm. 

• The  contradictory  abfurdities 

which  they  afl'erted  and  maintained, 
are  fcarcely  conceivable.  Indeed, 
the  human  fancy  at  all  times  is 
abundantly  prolific  of  deceits,  but 
never  equally  fo,  as  when  it  is  em- 
barraffed,  or  fiupified  by  terror; 
it  then  conjures  up  fpeclres  it 
never  faw,  and  is  infenfible  to  the 
imprefTions  it  might  have  retained. 
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THE    CIRCUMSTANCES  ATTENDING  THE 
DEVASTATIONS  OF  LIGHTNING. 


The  ftroke  fufes  metals,  and  per- 
fectly calcines  them  when  their  di- 
menfions  are  very  fmall.  It  ren- 
ders iron  magnetic,  and  gives  brafs 
the  fame  property,  if  it  contain 
any  ferruginous  particles.  The 
changing  of  a  conductor's  pointed 
end  into  a  blunt  end,  is  the  greateft 
fufion  which  I  have  yet  feen  au- 
thenticated. I  have  heard  of  the 
fufion  of  bells,  of  large  chains,  and 
of  an  iron  conductor  an  inch  in 
diameter;  but  the  authority  of 
thefe  fa6ls  is  not  fuch,  in  my  opi- 
nion, as  to  deferve  your  confidence. 
I  have  feen  a  knife,  which  part  of 
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a  ftroke  had  patted  through,  whofe 
violence  had  demolished  a  houfe ; 
but  it  fcarcely  fhewed  any  marks 
of  fufion,  fave  on  the  edge  and 
near  the  point.  I  have  feen  part 
of  a  bell-wire,  which  was  fhortened 
only  by  the  difcharge  of  a  thunder- 
cloud ;  and  we  very  well  know, 
that  the  fhortening  of  the  wire  is 
an  effect  produced  by  a  lefs  charge 
than  is  neceffary  to  the  fufion  of 
the  fame  wire.  By  the  aid  of  ar- 
tificial electricity,  we  can  refemble 
Nature  in  all  thefe  effects  of  her 
violence.  It  is  a  fmall  battery  that 
is  fufficient  to  melt  a  wire ;  nay, 
the  addition  of  force  neceffary  to 
calcine  it  completely  is  not  very 
great. 

The  power  of  the  electric  fluid 
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to  melt  metallic  bodies  is  not,  in 
my  opinion,  to  be  afcribed  to  any 
additional  heat  or  light;  both  of 
which  agents,  it  is  well  known, 
produce  the  fame  effect,  and  both 
of  which,  it  is  well  known,  are  at- 
tendant upon  thefe  effects  of  light- 
ning. That  charge  of  a  battery, 
which  is  adequate  to  the  fufion  of 
metals,  cannot  warm  the  leaft  quan- 
tity of  water,  which  would  certainly 
be  the  cafe,  if  it  communicated 
any  portion  of  heat  during  its  paf- 
fage. 

The  increafe  of  fluidity,  in 
any  cafe,  is  nothing  more  than  the 
removal  of  the  particles  confti- 
tuting  any  body  to  a  greater  dif- 
tance  from  each  other.  Air  is  ren- 
dered more   fluid  by  taking  away 
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the  fuperincumbent  preffure  of  the 
atmofphere.  A  pint  of  air,  when 
conveyed  into  a  vacuum  meafuring 
a  quart,  will  fill  the  whole  of  it, 
and  its  particles,  therefore,  will  be 
removed  to  double  their  former 
diftance  from  each  other.  Fluidity, 
moreover,  is  increafed  by  adding 
a  more  to  a  lefs  fluid  body,  as  is 
the  cafe  when  water  and  fyrups  are 
mixed,  or  fpirit  of  wine  and  water. 
In  like  manner,  metals  derive  their 
fluidity  from  the  interpofition  of 
any  new  body ;  for  its  particles  are 
thus  feparated  to  a  certain  diftance 
from  each  other. 

I  think  the  eleQxic  fluid  is  ana- 
lagous  in  its  effecls  to  thofe  of  the 
caufe  I  have  juft  explained,  when 
a  large  portion  of  it  is  added  to  any 
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body.  If  it  be  afked,  what  the 
heat  and  the  light  are,  which  efcape 
in  thefe  inftances,  I  fhould  anfwer, 
that  they  are  the  conftituent  parts 
of  the  metal,  which  are  now  fepa- 
rated,  becaufe,  when  the  compo- 
nent particles  of  the  metal  are  re- 
moved to  a  greater  di (lance  from 
each  other,  their  power  of  re- 
taining what  depends  on  an  attrac- 
tive force  muft  be  diminifhed,  and 
confequently  fome  of  the  ingre- 
dients muft  efcape.  However,  I 
now  point  out  to  you  what  ftrikes 
me  as  only  likely  to  take  place,  and 
would  by  no  means  affert  that  the 
mode  of  operation  is  actually  that 
by  which  the  effects  of  lightning 
or  the  electric  fluid  are  produced. 

I    would    now    proceed    to    in- 
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form  you,  that  the  devaftations 
of  thunder  are  generally  attended 
by  the  fplitting  of  {tones,  and 
the  combuftion  of  wood  and 
other  bodies  capable  of  being 
burnt.  I  have,  in  a  variety  of  in- 
ftances,  produced  effects  analogous 
to  the  fplitting  of  the  ftones. — 
Glafs,  flints,  fugar,  and  many  other 
fimilar  bodies  of  fome  pounds 
weight,  I  have  torn  into  very  frnall 
pieces,  by  introducing  two  wires 
into  them,  fo  as  to  approach  very 
near  to  each  other,  and  by  placing 
them,  thus  circumflanced,  within 
the  circuit  of  a  fingle  phial.  If 
any  moifture  mould  exiit  between 
the  two  points,  the  effect  is  much 
more  finking.  Indeed,  whatever 
folid  body  the  electric  fluid  is  in- 
capable  of  melting   in   ks  paffage, 
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is    always    torn    by   it    into    fmall 
fragments. 


■»■ 


The  fudden  and  partial  addition 
of  heat  to  either  of  the  above- 
mentioned  bodies  is  attended  with 
fimilar  appearances,  and,  I  mould 
fuppofe,  is  produced  in  a  fimilar 
manner,  or  by  caufmg  an  expan- 
sion, which  removes  the  parts  of 
the  body  to  fuch  a  diftance  as  to 
take  away  the  influence  of  that  ad- 
hefive  power  on  which  their  con- 
tinuity depends. 

The  burning  of  combuftibles,  by 
the  paffage  of  the  eleclric  fluid,  I 
would  account  for  on  the  fame 
principle  as  thofe  which  I  have  ap- 
plied to  the  fufion  of  metals,  viz. 
by  fhewing  that  the  addition  of  a 

VOL.    II.  R 


242  LECTURES     ON 

new  body  is  attended  with  a  de- 
compofition,  and  in  my  opinion 
combuftion  is  a  fpecies  of  decom- 
pofition  or  feparation  of  the  con- 
ftituent  parts  which  form  the  burn- 
ing body. 

To  the  other  devaflations  of 
lightning,  we  fhould  add  the  de- 
ftruclion  of  life,  both  in  the  human 
being  and  in  all  other  animals. — 
The  inftantaneoufnefs  of  this  effect, 
and  the  very  rapid  putrefaction 
which  follows  it,  are  very  remarkable 
circumftances. — The  eleelric  fluid 
makes  no  wounds,  but  either  (tuns 
or  demolifhes  in  a  moment.  If  it 
flans  only,  you  awake  very  foon 
in  perfect  health,  as  if  you  awoke 
out  of  a  profound  deep.  If  it  de- 
molifhes,   the    bodv   muft    be   bu- 
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ried  very  expeditioufly,  or  it  be- 
comes perfectly  rotten  and  offen^ 
five.  The  body  of  profeffor  Rich- 
man,  the  firft  fcientific  victim  to 
the  rage  of  lightning,  was  fo  much 
corrupted  within  the  fpace  of  two 
days,  as  to  be  removed  with  diffi- 
culty to  the  coffin. 

The  extravafated  blood  that  is 
found  in  the  bodies  of  thofe  who 
have  been  {truck  by  lightning,  to- 
gether with  the  rapid  putrefaction 
of  their  whole  fubftance,  are  (trong 
evidences  that  feveral  of  the  blood 
veffels  are  burft,  and  that  a  ge- 
neral laceration  of  parts  has  taken 
place.  But  the  preceding  are  not 
conftant,  they  are  not  therefore 
the  necellary  effects  of  the  electric 
fluid   on    the    animal    frame.       In 

R    2 
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many  cafes  of  the  death  caufed  by 
thunder,  fcarcely  any  mark  of  the 
injury  is  difcoverable  by  the  eyes, 
and  I  know  not  one  inftance  in 
which  the  application  of  artificial 
electricity  has  been  attended  with 
a  rupture  of  the  blood  veffels. 

An  attention  to  the  invariable 
confequences  of  the  electric  fliock, 
when  directed  feparately  through 
different  parts  of  the  human  body, 
will  perhaps  juftify  us  in  confider- 
ing  the  nerves  as  thofe  parts  which 
are  firft  and  moft  powerfully  af- 
fecled  by  its  influence. 

When  the  full  charge  of  two 
fquare  feet  of  glafs  is  conveyed 
through  the  head,  it  produces  a 
momentary  forgetfulnefs.  which  is 
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Followed  by  a  depreffion  of  ipi- 
rits  and  a  general  proflration  of 
ftrength.  The  patient  is  frequently 
afflicted  with  head-aches,  and  con- 
tinues for  fome  time  in  a  trembling 
and  irritable  condition. 

In  correfpondence  with  the  pre- 
ceding, are  the  effects  of  convey- 
ing a  battery  through  the  head  of 
a  bird.  Its  optic  nerve  is  always 
injured  or  deflroyed.  Its  blind- 
nefs  is  fometimes  tranfienu  but 
moft  commonly  permanent.  It 
mould  be  added,  that  thofe  dif- 
orders  of  the  head,  in  which  the 
electric  fluid  is  faid  to  give  re- 
lief, are  chiefly  of  the  nervous 
kind  :  fuch  are  the  gutta  ferena, 
locked-jaw,  palfey,  Sec. 

R  8 
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If    the    diaphragm    be    brought 
into  the  circuit  of  a  furface,  equal 
to    two    feet,    fully    charged,    the 
lungs  make  a  fudden  effort,  which 
is  followed   by   a  loud   fhout.      If 
the    charge,    fent  through  the   dia- 
phragm,  be  ftnall,  it  never  fails  to 
excite    a   violent   fit    of   laughter. 
The     cafes    are    without    number 
which  juflify   this    obfervation.     I 
have  made  the  trial  on  thofe  whofe 
calmnefs  and  folemnity  are  never 
difturbed  by  the  ludicrous   occur- 
rences of  life;  but  I  have  fcarcely 
known  the  inftance  in  which  they 
could  refift   the   comic  powers  of 
electricity.       The    effects    of    the 
fhock    on    the   diaphragm  are  not 
tranfitory ;  if  it  has  been  violently 
fhaken,  the  perfon,  on  whom  the 
experiment  is  made,  fobs  and  fighs, 
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and  burfts  into  tears ;  frequently 
a  fainting  fit  will  follow,  attended 
by  ftrong  hyfterical  fymptoms. 

If  the  charge  be  fent  through 
the  abdomen,  fo  as  to  take  the 
bladder  and  the  rectum  in  its  paf- 
fage,  it  produces  in  many*  cafes  an 
inftantaneous  difcharge  of  the  urine 
and  fceces.  Some  electricians  have 
afferted,  that  the  mod  obftinate 
coftivenefs  may  be  thus  conquered. 
1  have  myfelf  been  witnefs  to  its 
removal  of  female  obftructions  of 
long  duration.  Indeed,  the  effects 
of  the  charge  on  women  of  irri- 
table habits,  are  fo  very  fudden, 
that  moft  diftrefling  cataftrophes, 
even  in  large  companies,  have  at- 
tended the  improper  direction  of  it. 
r  4 
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It  was  the   conceit  of  an  impu- 
dent empyric,  that  electricity  could 
rellore    the    vigour   which    nature 
takes  away  from   the  intemperate, 
and  could  make  the  bed  of  profli- 
gate effeminacy  prolific.      To  the 
flimulants    of    a    Mahometan  pa- 
ra dife,    he  propofed    the    addition 
of   an    atmofphere     charged    with 
eieclric   particles,  and   this  propo- 
sal   was     privately     defended    by 
many    perfons    of  information,   as 
perfectly  philofophical.     I    mould 
for  my  own   part  as   foon  expect 
a   flame    from    exhaufled    embers, 
as  the  fpirit  of  a  man  from  a  fyftem 
mangled  and  unnerved  by  vice.    A 
partial  blifter  will  flimulatc  a   car- 
cafe,  from  which  the  laft  breath  is 
vaniihing;    but  its    effecls   are   no 
evidences  of  remaining  (Irength  or 


returning  life. 
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When  the  electric  fluid  is  con- 
veyed through  the  fpinal  marrow, 
it  produces,  according  to  the  height 
of  charge  employed  in  the  expe- 
riment, different  degrees  of  inca- 
pacity in  the  lower  extremities. 
If  a  perfon  be  Handing  at  the  time 
he  receives  it,  he  is  fometimes 
brought  upon  his  knees,  and  fre- 
quently falls  proftrate  on  the  floor. 

The  paffage  of  the  fhock  through 
the  fpinal  marrow  has  been  recom- 
mended as  efficacious  to  thofe  pa- 
tients who,  by  long  Handing  in 
damp  fituations,  or  by  working  in 
atmofpheres  loaded  with  metallic 
-calces,  have  loft  the  ufe  of  their 
iimbs.  I  have  tried  this  remedy 
in  three  cafes. — In  one  of  them 
the  patient  was  decifively  cured; 
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In  the  fecond,  the  patient  became 
better;  but  her  eagernefs  to  get 
well,  led  her  to  try  other  ftrong 
ftimulants  at  the  time,  and  by  this 
means  fhe  rendered  the  experi- 
ment altogether  indecifive.  In  the 
third  inftance,  I  obferved  what 
feems  to  me  to  be  the  general 
concomitant  of  applying  the  charge 
unfeafonably.  The  patient's  ter- 
rors grew  with  every  repetition  of 
the  fhock,  and  its  feelings  became 
fo  irritable,  as  at  length  to  render 
a  fubmiffion  to  the  fmalleft  charge 
a  talk  of  refolution,  attended  with 
trembling  and  horror. 

To  prevent  the  injurious  con- 
fequences  of  this  terror  on  the 
nerves,  fome  of  the  faculty  have 
recommended,  that  fuch  fmall  por- 
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tions  only  of  the  fluid  fhould  be 
applied,  as  will  pafs  from  a  point 
to  the  affected  part.  Nay,  me- 
tallic ponts  have  been  confidered 
as  too  potent,  and  wooden  ones 
are  fubftituted  in  all  the  medico 
electrical  apparatus  that  I  have 
feen.  This,  I  would  obferve,  is  a 
fure  method  of  rendering  the  ap- 
plication perfectly  harmlefs ;  for  I 
think  it  is  very  clear,  from  many 
of  the  experiments  which  I  have 
fhewn  to  you,  that  the  fluid,  in 
fuch  an  application,  never  enters 
the  fkin,  but  always  paffes  along 
the  furface  to  the  body  by  which 
it  is  conducted  to  the  ground.  If 
the  patient  be  placed  on  an  infu- 
lated  ftool,  and  fparks  be  taken 
from  the  difordered  part,  in  this 
cafe  again,    the   fkin  alone    is  af- 
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fe&ed ;  for  the  fpark  is  nothing 
more  than  a  difcharge  of  the  at- 
mofphere  furrounding  the  body, 
by  means  of  the  conducting  par- 
ticles which  lie  on  the  furface  and 
ferve  as  a  coating. 

From  the  preceding  view  of  the 
power  poffefled  by  the  electric  fluid, 
to  change,  to  injure,  and  to  de- 
ftroy  the  human  fyftem,  we  are 
naturally  urged  to  thofe  endea- 
vours which  may  afcertain,  lft, 
The  diftance  at  which  we  may  be 
reached  by  the  force  of  fuch  ac- 
cumulations of  the  fluid  as  take 
place  in  nature.  2dly,  The  protec- 
tion that  may  be  derived  from  the 
known  principles  of  the  fcience. 

lft,   The    greateft    danger  of  a 
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thunder-ftorm  lies  between  the  two 
neareft  extremities  of  the  corre- 
fpondent  parts  of  the  charged  at- 
mofphere,  or  in  that  interval  of 
unele&rified  air  which  is  always 
found  to  feparate  the  positive  from 
the  negative  portion  of  the  loaded 
cloud :  but  on  either  fide  of  this 
interval,  the  further  you  get  into 
the  pofitive  or  the  negative,  the 
more  does  the  power  of  injuring 
diminifh. 

The  idea  which  I  now  wifh  to 
imprefs,  will  be  illuftrated  by  the 
circumftances  of  a  faft,  to  which  I 
have  already  referred. 

Take  a  Leyden  phial,  five  inches 
in  diameter,  and  thirteen  or  four- 
teen inches  in  height.     On  the  in- 
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fide,  let  the  coating  rife  till  its 
upper  edge  be  two  inches  and  a 
half  from  the  rim  of  the  veffel. 
On  the  outride,  let  the  coating  rife 
no  higher  than  one  inch  from  the 
bottom.  When  the  phial  is  thus 
coated,  let  it  be  charged,  and  a 
fpark  will  pafs  from  the  tin  foil  on 
the  outfide  to  that  on  the  infide ; 
but  its  form  will  refemble  that  of 
a  tree,  whofe  trunk  will  increafe 
in  magnitude  and  brilliancy,  and 
confequently  in  power,  as  it  ap- 
proaches the  edge,  owing  to  rami- 
fications which  it  collects  from  all 
parts  of  the  glafs.  Within  two 
inches  of  the  edge  it  becomes  one 
body  or  ftream,  and  along  that  in- 
terval its  greater!  force  acls. 

When   two   clouds,    or  the  two 
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correfpondent  parts  of  a  cloud, 
have  their  equilibrium  reftored  by 
a  difcharge,  the  appearances  are 
exactly  fimilar  to  thofe  of  the  pre- 
ceding experiment.  Each  extre- 
mity of  the  flam  is  formed  by  a 
multitude  of  little  ftreams,  which 
gather  into  one  body,  whofe  power 
is  undivided  in  that  interval  only 
which  feparates  the  pofitive  from 
the  negative. 

In  this  country  thefe  appear- 
ances are  frequently  feen;  but  they 
are  molt  commonly  hidden  by  in- 
tervening clouds.  While  I  was 
pairing  over  mount  Jura,  one  night 
during  a  thunder-florin,  the  flames 
fucceeded  each  other  fo  rapidly, 
that  about  thirty  ftruck  within  each 
minute ;    but  owing   to  the  height 
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of  my  fituation  at  that  time,  not 
one  of  them  appeared  otherwife 
than  partially  or  generally,  ac- 
cording to  the  defcription  I  have 
juft  given.  Sometimes  a  lower 
cloud  would  hide  one  of  the  two 
charged  parts,  and  in  this  cafe  the 
lightning  affumed  the  form  of  a 
tree,  whofe  trunk  and  branches 
only  appeared.  Sometimes  the 
trunk  was  hidden,  and  then  the  ra- 
mifications on  each  fide  were  alone 
vifible.  Frequently  intervening 
clouds  would  hide  all  but  the 
trunk,  and  the  lightning  then  ap- 
peared as  it  commonly  does  to  a 
fpe&ator  in  a  low  fituation. 

It  muft  be  obvious,  from  the 
preceding  ftatement  of  circum- 
fiances,  that  the  greateft  devafta- 
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tion  of  lightning  miifl  take  place 
in  that  interval  through  which  the 
whole  body  of  the  fluid  paffes,  and 
that  as  you  penetrate  further  and 
further  into  the  cloud,  the  flream 
that  is  formed  becomes  lefs  and 
lefs,  like  a  river  which  diminifhes 
by  entwifting  itfelf  as  you  ap- 
proach its  fountain.  Hence,  to  us 
placed  on  the  ground,  no  danger 
can  ever  occur,  till  the  clouds  are 
fo  low,  that  the  ftriking  di (lance 
through  air,  or  the  aerial  interval 
between  the  charged  parts,  refills 
the  paffage  more  powerfully  than 
the  body  of  earth,  and  any  addi- 
tional portion  of  atmofphere  which 
may  in  the  direction  of  the  earth 
form  the  'ftrikins  interval. 


■o 


If  the  charged  cloud  lies  in  con- 
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tact  with  the  ground,  its  paffagc 
to  the  earth  will  be  that  of  feveral 
ft  reams,  and  the  danger  will  be 
great,  in  proportion  to  the  mag- 
nitude of  that  feparate  ftream 
which  paffes  through  any  given 
part  of  the  earth,  and  feveral  dif- 
tinci.  fituations  may  be  thus  un- 
equally endangered  at  the  fame 
time.  Hence  it  happens,  that  the 
fame  ftroke  will  frequently  injure 
feveral  diftinct  buildings,  which  are 
very  near  to  each  other,  and  that 
different  degrees  of  injury  are  al- 
ways obferved  in  the  different 
tracks. 

The  ftriking  diftance,  or  the 
length  of  the  interval  of  greateft 
danger,  will  vary  with  the  height 
of  the  charge,    and    not  with   the 
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dimenfions  of  the  charged  body. 
This  is  -clear  from  a  multitude  of 
facls  already  illuftrated  and  applied. 
We  may  hence  fafely  conclude, 
that  the  longer  any  charged  cloud 
is  in  the  vicinity  of  the  wet  ground, 
the  more  will  the  length,  and  con- 
fequently  the  danger,  of  its  ftriking 
diitance  be  diminished,  provided 
the  points  and  prominences,  which 
are  active  on  the  ground,  difcharge 
the  fluid  more  abundantly  than  it 
is  accumulated  by  the  producing 
caufe. 

From  what  I  have  already  faid, 
it  is  clear  that  all  the  parts  of  the 
circuit,  through  which  a  thunder- 
cloud may  difcharge  its  contents, 
are  not  equally  dangerous,  and 
that  the  maximum  of  danger  is 
s  2 
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confined  within  much  narrower  li- 
mits than  thofe  of  the  interval, 
within  which  it  may  be  felt  in  one 
inferior  degree  or  another.  You 
mud,  however,  perceive,  that  as 
the  cloud  enlarges,  the  number  of 
additions  increafes,  by  which  the 
great  body  of  the  flafh  is  formed, 
and  that  the  length  of  the  moft 
dangerous  interval  will  always  in- 
creafe  with  and  bear  a  certain  pro- 
portion to  the  diameter  of  the 
cloud.  In  our  attempts  to  eftimate 
this  diameter,  we  may  follow  two 
methods,  which  have  been  recom- 
mended; but  I  cannot  fay  that  ei- 
ther of  thefe  methods  has  any  great 
pretentions  to  accuracy. 

ift,   If  you   meafure   the    fpace 
on  which  the  thunder  mower  falls. 
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it  is  faid  that  you  meafure  what  is 
commenfurate  with  the  dimenfions 
of  the  thunder  cloud.  In  a  moun- 
tainous country,  this  meafurement 
is  very  poffible ;  for  the  body  of 
the  fhower  may  be  feen  at  a  fmall 
diftance,  well  defcribed  upon  the 
elevated  grounds  whofe  parts  it  fe- 
parates  from  the  eye.  Its  dia- 
meter, therefore,  may  be  correctly 
eftimated  from  the  diftance  of  thofe 
well-known  objects  by  which  it  is 
bounded.  Thofe  thunder  mowers, 
which  I  have  obferved,  have  va- 
ried in  their  diameter  from  five 
hundred  yards  to  two  miles.  It  is, 
however,  to  be  obferved,  that  the 
partial  vacuum,  produced  by  the 
collapfe  attending  the  removal  of 
the  eleftric  fluid,  may  extend  its 
influence  to  a  great  diftance,  and 
s  3 
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caufe  the  fall  of  rain  by  rarefying 
the  atmofphere  far  beyond  the 
bounds  of  the  charged  cloud. 

2dly,  The  velocity  of  a  cloud 
may  be  known  by  meafuring  its 
height,  and  the  time  which  any 
fixed  appearance  in  it  takes  to  de- 
fcribe  a  certain  angle.  This  may 
be  done  in  a  very  fmall  portion 
of  time,  and  when  it  is  done,  you 
are  next  to  watch  the  moment  at 
which  it  begins  to  affect,  your  ele- 
vated conductor,  and  with  equal 
accuracy  you  are  to  mark  the 
evanefcence  of  its  figns.  The 
knowledge  of  thefe  circumftances, 
united  with  that  of  the  cloud's  ve- 
locity, will  correctly  determine  its 
dimenfions. 
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From  a  diary  in  my  porTeiTion, 
made  by  Mr.  Brook,  it  does  not 
appear  that  the  lame  electricity 
ever  lafled  more  than  fifteen  mi- 
nutes. When  the  fymptoms  of  ap- 
proaching thunder  were  decifive, 
the  oppofite  electricity  generally 
lafled  as  long,  and  the  interval  of 
time  between  the  two  electrics  fel- 
dom  exceeded  one-tenth  of  the 
whole. 

If  we  allow  that  the  cloud  in  this 
cafe  moved  at  the  rate  of  eight 
miles  in  an  hour,  its  diameter  muft 
have  been  four  miles.  However, 
in  many  inftances,  all  the  above- 
mentioned  charges  of  electricity 
took  place  in  two  minutes.  This 
happened  feveral  times  fucceffively, 
and  each  feries  of  changes  termi- 
s  4 
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nated  by  a  flam  of  lightning.  In 
all  inftances  of  this  kind,  to  make 
the  diameter  of  the  cloud  half  a 
mile,  we  muft  fuppofe  that  it  moves 
at  the  rate  of  thirty  miles  an  hour ; 
and  in  fuch  a  cafe,  one-tenth  of 
the  whole,  or  the  interval  of 
greater!  danger,  would  not  exceed 
one  hundred  and  eighty  yards. 
But  on  the  fuppofition  that  the 
fize  of  the  cloud  were  fuch  as  to 
ftrike  over  the  diftance  of  two 
miles,  many  are  the  circumftances 
which,  on  its  defcent  towards  the 
ground,  will  encroach  upon  its  of- 
fenfive  powers,  change  its  direc- 
tion, or  decreafe,  and  perhaps  al- 
together annihilate  its  violence. 


o 


lft,  Innumerable  points  and  pro- 
minences rife  from  the  whole  fur- 
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face  of  earth  over  which  it  hangs. 
Thefe  act  as  fo  many  channels, 
through  which  its  contents  will  find 
a  rapid  evacuation.  In  the  power 
of  carrying  off  the  fluid  gradually, 
I  have  been  able  to  difcover  but 
little  difference  between  partial  and 
metallic  conductors.  It  mould  be 
added,  that  the  torrent  through 
an  elevated  wire  is  fuch,  when  the 
cloud  approaches  it,  as  would  dif- 
charge  a  battery,  whofe  furface 
equalled  four  or  five  acres,  in 
twenty  or  thirty  feconds.  When, 
therefore,  millions  of  other  con- 
ductors are  acting  with  equal  effect 
at  the  fame  moment,  that  muft  be 
an  immenfe  cloud  indeed,  whofe 
ftriking  diftance  in  fuch  circum- 
ftances  is  not  much  leffened,  or 
whofe  ftriking  powers  are  not  al- 
together exhaufted. 
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2dly,  Metals  alone  conduct  the 
fluid  better  than  charged  fur  faces. 
If  a  plate  of  g^afs,  coated  on  one 
fide  with  tin  foil,  be  charged  and 
placed  in  a  circuit,  fo  that  the  con- 
tents of  a  jar  may  pafs  over  the 
other  fide  un coated,  the  luminous 
Jlriking  diflance  will  be  quadruple 
what  it  is  in  air.  Such  a  combi- 
nation of  charges  as  that  which  I 
have  now  defcribed,  muft  fre- 
quently occur  in  the  upper  regions 
of  the  atmofphere ;  for  the  charged 
clouds  muft  lie  in  ftrata  above 
each  other;  and  in  the  varieties  of 
their  motions,  produced  by  their 
mutual  attra&ions  and  by  the  in- 
numerable caufes  which  affeft;  their 
different  currents,  they  muft  be 
perpetually  ferving  as  difcharging- 
rods  to  one  another.     We  confe- 
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quently  find  that  nine  hundred  and 
ninety-nine  flafhes  out  of  a  thou- 
fand  ftrike  from  cloud  to  cloud 
through  the  intervening  air. 

There  is,  however,  a  queflion  of 
fafety  that  has  occurred  to  feveral 
eminent  electricians  :  Are  we  not 
endangered,  even  from  difcharges 
in  the  upper  regions  of  the  atmo- 
fphere?  Lord  Stanhope,  and  others 
who  adopt  his  theory,  anfwer  in  the 
affirmative.  They  affert,  that  a  man 
may  be  killed  at  the  diftance  of 
three  miles,  or  perhaps  at  a  dif- 
tance '  prodigioujly  greater  from  the 
flafh.'  I  am  not  alarmed  by  this 
formidable  reprefentation  of  dan- 
gers, for  I  have  yet  feen  no  evi- 
dence, either  from  fact,  or  acknow- 
ledged principles,   in   favour  of  a 
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theory  fo  fully  charged  with  terrors 
as  that  of  the  returning  Jlroke. 

I  mall  now  give  you  an  explana- 
tion of  this  theory,  together  with 
the  arguments  or  fa6ts  on  which  it 
is  founded.  I  mail  then  briefly  ex- 
plain to  you  the  mode  in  which  it 
is  applied  to  the  phenomena  of  na- 
ture, and  I  mail  blend  with  the 
whole  a  ftatement  of  my  own  ob- 
jections. 

It  is  faid,  that  when  a  charged 
cloud  approaches  another  body,  by 
the  repellent  power  of  its  charge,  it 
drives  a  part  of  its  natural  fhare 
from  the  other  body,  which,  by  this 
means,  becomes  negative  in  pro- 
portion to  the  degree  of  fupera- 
bundance  in    the    cloud.     When, 
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therefore,  the  cloud  is  difcharged, 
what  was  driven  by  its  repulfion 
out  of  the  neighbouring  body,  re- 
turns into  it  with  a  force  propor- 
tional to  its  quantity,  which  force 
they  fay  is  frequently  adequate  to 
the  deftruction  of  the  body. 

In  like  manner,  when  two  clouds 
approach  the  earth,  they  repel  from 
a  given  portion  of  it,  a  certain 
quantity  of  its  natural  fhare  to  a 
more  remote  fituation,  and  confe- 
quently,  when  one  of  thefe  clouds 
difcharges  its  contents  into  the 
other,  the  repelled  portion  in  the 
earth  returns  to  its  firft  fituation, 
and  its  return  is  attended  „  with 
havock  and  devaluation. 

It  is  but  juft  to  Lord  Stanhope, 
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to  obferve,  that  He  does  not  ufe 
the  word  Repulfion.  The  follow- 
ing is  an  abridgment  of  his  own 
defcription  of  his  theory. 

FIG.  L. 

PC  reprefents  a  conductor  charged 
pofitively.  AB,  a  fmaller  conductor 
not  charged,  is  placed  fo  that  its 
end,  A,  may  'juji  enter  the  atmo- 
fphere  of  PC.  In  this  cafe,  he 
fays,  "  That  the  fuperabundance  of 
PC,  owing  to  the  nature  of  an  elec- 
trical equilibrium,  will  caufe  fome 
of  the  natural  fhare  of  AB  to  pafs 
from  A  to  B,  where  it  is  flopped 
and  accumulated.  By  this  change, 
A  is  left  in  a  different  or  negative 
ftate,  and  B,  by  the  addition  it 
has    received,     becomes    pofitive. 
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But  when  the  fuperabundance  is 
taken  away  from  P,  the  pofitive  at 
B  rufhes  back  to  A,  and  this  re- 
ftoration  of  the  ftroke  to  its  natu- 
ral place,  is  called  the  Returning 
Stroke. 

Let  PC  be  negatively  charged, 
and  A  placed  as  before,  juft  within 
its  atmofphere ;  according  to  the 
nature  of  an  ele&rical  equilibrium, 
fome  of  its  natural  mare  will  rufh 
from  B  to  A  ;  but  by  the  refiftance 
it  will  be  flopped,  and  form  a  col- 
lection of  the  fluid.  B,  of  courfe, 
is  left  in  a  negative  ftate.  When 
PC  is  difcharged,  its  returning 
ftroke  is  then  from  A  to  B. 

The  caufation  of  effects,  which 
in  this  theory  is  expreffed  by  the 
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words, — "  According  to  the  na- 
ture of  an  electrical  equilibrium," 
is  in  another  place  exprefTed  by 
faying,  "  That  the  atmofphere  of 
PC  preffes  againft  A,  and  tends  to 
enter"  This  language  is  not  alto- 
gether intelligible ;  but  if  Lord 
Stanhope's  be  the  general  idea  of 
an  electrical  equilibrium,  I  do  not 
think  it  can  be  reconciled  to  the 
powers  afcribed  to  it  in  his  theory; 
for  if  there  be  any  one  principle  in 
the  fcience  that  admits  of  no  doubt, 
it  is  the  following : 

When  afurface  or  a  body  is  charged 
either  fiojitive  or  negative,  it  will 
neither  give  nor  take,  but  in  confe- 
quence  of  an  equal  addition  to,  or 
fubtraclion  from,  the  correfpondent 
negative  or  poftive.     If  a  Ley  den 
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phial  be  charged  and  infulated,  in 
this  fituation  its  pofitive  furface, 
brought  near  a  conductor  nega- 
tively charged,  will  not  part  with 
any  of  its  contents.  In  like  man- 
ner, if  two  portions  of  air  be 
charged,  their  pofitive  and  negative 
are  perfectly  immovable  and  in- 
active, till  fome  connexion  be 
formed  between  them;  into  either, 
properly  infulated,  the  fineft  elec- 
trofcope  may  be  introduced  with- 
out mewing  the  fainteft  figns  of 
electricity.  If  this  be  the  cafe,  by 
what  power  is  the  atmofphere  of 
PC,  in  Lord  Stanhope's  experi- 
ment, to  drive  away  a  part  of  its 
fluid  from  AB  ?  for  AB  is  never 
once  fuppofed  to  be  in  the  nega- 
tive that  correfponds  to  the  pofi- 
tive of   PC.      This,    however,    is 
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really  the  truth,  but  it  takes  away 
the  neceftity  of  the  theory.  AB, 
in  the  experiment,  when  it  gives 
contrary  figns  to  PC,  is  always  at 
a  confiderable  diflance ;  when  the 
conductor,  PC,  was  fix  feet  long, 
AB  would  not  give  oppofite  figns 
till  it  was  feparated  by  an  interval 
of  three  feet,  or  till  it  came  to 
that  part  of  the  air  which  corre- 
fponded  to  the  atmofphere  of  PC. 

Again,  if  Lord  Stanhope  be 
right,  why,  when  AB  is  brought 
nearer  to  PC,  do  not  the  effects 
which  he  defcribes  take  place? 
Why  does  not  the  atmofphere  of 
PC  pufh  away  part  of  AB  at  one 
diftance  as  well  as  another  ?  In- 
deed, if  his  reafoning  be  jufl,  it 
might  be  expected  that  the  power 
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which  operated  on  AB  would  in- 
creafe  as  it  approached  the  con- 
ductor; but  the  very  reverfe  takes 
place. 

Again,  AB,  a  metallic  body,  is 
faid  to  be  in  two  different  dates 
at  the  fame  time.  What  fingle 
electrical  facY  is  there  to  warrant 
this  arfertion  ?  What  is  there  in- 
telligible in  electricity,  if  we  ad- 
mit that  perfect,  conductors  can 
have  their  equilibrium  didurbed, 
or  that  two  different  parts  of  them 
can  be  at  the  fame  time  in  two  dif- 
ferent dates,  when  there  is  no  kind 
of  infulation  to  feparate  the  po- 
fitive  from  the  negative,  but,  on 
the  contrary,  fuch  a  communica- 
tion as  in  every  other  indance  im- 
mediately redores  an  equilibrium  ? 

T    2 
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You  will  obferve,  that  Lord 
Stanhope's  experiment  is  made  on 
metal  furrounded  with  air;  and 
why,  contrary  to  every  known 
principle,  mould  that  effect  be  con- 
hdered  as  belonging  to  the  metal, 
when  it  is  agreeable  to  every  known 
principle,  that  the  air  alone  mould 
be  affected  ?  Had  AB  been  con- 
fined in  a  glafs  tube,  having  its 
end,  A,  only  expofed,  if  Lord  S. 
be  right,  there  would  have  been 
no  alteration  in  the  effects  he  de- 
icribes;  for  PC  would  (till  poffefs 
the  fame  power  to  pufh  the  par- 
ticles at  A  to  the  end,  B.  Indeed, 
the  additional  refinance  at  B  would 
rather  affift  the  accumulation  that 
is  fuppofed  to  take  place  there. 
However,  the  refult  of  the  expe- 
riment  would     have    been    totally 
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different  from  what  the  theory  re- 
quired. 

Again,  Lord  Stanhope's  theory 
is  not  wanted  to  account  for  the 
appearances  of  that  experiment  on 
which  it  is  founded.  The  various 
figns  given  by  pith  balls,  placed 
on  AB,  are  all  the  confequences 
of  its  being  connected  at  the  fame 
time  with  two  different  atmofpheres. 
I  could  place  pith  balls  between 
the  pofitive  and  negative  furfaces 
of  a  Leyden  phial,  which  would 
difcover  fimilar  varieties  in  their 
figns,  and  which  could  be  explained 
by  fimilar  principles. 

If  the  preceding  theory  be 
erroneous,  the  application  of 
it   mult    be    nugatory;     but  if    it 

t  3 
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were     true,    {till    the     application 
might  be   falfe.     This   is   the   cafe 
here;    I   fee   no   analogy  between 
the    experiments    and    the    natural 
phcenomena  they  are  defigned   to 
elucidate.    If  PC  be  confidered  as 
a  cloud,  we  cannot  admit  what  the 
theory   requires,    that    AB    ffiould 
be  the  representative  of  the  earthy 
or   that  what  happens  to  an   infu- 
lated,  mould  be  regarded  as  equally 
true    of    an    uninfulated     body. — 
The  difference  here  between  what 
is  required  and  what  is  true,  is  as 
great  as  can  feparate  one  cafe  from 
another.     Again,  when  PC  is  dif- 
charged,    Lord    S.    fays,   that  the 
negative   in  one   part  of  AB  will 
be  fupplied  by  the  pofitive  ruffling 
from  the  other,   and   that   the   re- 
ftoration  of  the  equilibrium  would 
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be  attended  with  violence  enough 
to  deftroy  men,  houfes,  and  other 
objects  of  great  magnitude. 

Let  us  allow  that  the  force  re- 
quired by  the  theory  is  rendered 
active  in  the  manner  which  I  have 
juft  defcribed,  what  reafon  have 
we  for  believing  that  it  would  be 
active  to  the  degree  Juppofcd  ? 
Lord  Stanhope  has  eftimated,  that 
what  is  feparated  from  our  natural 
111  are  without  injuring  us,  and  what 
may  be  abfent  for  hours  without  be- 
ing felt,  is  fo  great  in  quantity  as  to 
deftroy  us  by  its  motion  in  return- 
ing. But  what  are  the  grounds  of 
this  eftimate  ?  As  yet  it  has  been 
juftified  by  no  appeal,  either  to 
factor  experiment;  and  the  perfon 
who  could  fay,  that  the  greateir 
t  4 
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poffible  lofs  from  our  natural  fhare 
is  little  or  nothing,  would  certainly 
(land  upon  equal,  1  think  rather 
better,  grounds  than  thofe  who 
would  make  it  adequate  to  the  fu- 
fion  of  metals  and  the  deftruction 
of  life.  I  would  add,  that  when 
the  power  of  the  returning  ftroke 
is  magnified  as  it  is  in  the  theory, 
the  rationale  of  this  bold  eftimate 
is  not  only  neglected,  but  it  is  neg- 
lected where  it  might  have  been 
made  without  much  trouble. 

If  the  returning  ftroke  of  a 
thunder-cloud  will  deftroy  large 
edifices,  furely  artificial  electricity 
could  produce  a  fimilar  ftroke, 
which  would  deftroy  a  bird,  or  a 
moufe,  or  acl  on  fome  fcale  ana- 
logous to   that  which  it  is  faid  to 
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refemble.  If  I  fay  the  returning 
ftroke  in  nature  will  melt  the  irons 
of  a  waggon-wheel,  furely,  with  the 
grand  machines  which  we  are  now 
able  to  conftrucr,  fuch  a  returning 
ftroke  might  be  caufed  as  would 
melt  a  capillary  thread  of  metal. 
But  nothing  of  the  kind  has  ever 
been  done  or  attempted  by  thofe 
who  fupport  the  theory,  and  I  am 
bold  enough  to  prophefy,  from  the 
details  of  my  own  experience,  that 
nothing  of  the  kind  ever  will  be 
done. 

Give  me  leave  to  add^  that 
what  I  have  before  afferted  con- 
cerning the  theory  itfelf,  is  equally 
true  of  its  application.  The  whole 
is  unnecejfary.  Every  natural  ap- 
pearance may  be  eafily  accounted 
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for  without  it.  If  a  cloud  be  very 
large  in  its  dimenfions,  or  if  its  coiv 
tents  occupy  a  body  of  air  whofe 
diameter  is  equal  to  the  length  of 
two  or  three  miles,  during  its  dif- 
charge  the  fuperabundance  will  be 
gathering  into  one  mafs  by  rufhing 
through  different  channels,  and 
whatever  partial  conductors  are 
near,  will  ferve  to  connect  the  dif- 
ferent parts  of  the  cloud,  fo  that  at 
the  time  of  the  ftroke,  and  at  a  con- 
fiderable  diftance  from  its  greatefl 
violence,  a  number  of  different  ob- 
jects may  be  fubject  to  its  power, 
for  they  are  evidently  placed 
within  its  circuit. 

I  recur  to  the  fubjecl  from 
which  we  deviated  in  out  purfuit  of 
Lord  Stanhope's  theory.    We  have 
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already  endeavoured  to  inveftigate 
the  chief  peculiarities  attending  the 
difcharge  of  a  thunder-cloud;  to 
fpecify  the  varieties  of  danger 
which  attend  it,  and  to  determine 
the  circumftances  from  which  their 
extent  may  be  eftimated. 

I  mall  now  proceed  to  defcribe 
thofe  figns  of  approaching  danger 
which  may  be  felecled  as  the  mod 
unequivocal  and  decifive.  They 
are  the  following : 

lft,  A  rapid  approach  of  the 
charged  clouds.  — The  longer  any 
given  portion  of  charged  air  is 
over  the  earth,  the  more,  as  I 
have  already  fhewn,  is  it  affected 
by  points  and  prominences ;  but 
when  a  cloud  feems  to  be  no  fooner 
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formed,  than  it  is  over  our  heads, 
we  are  then  expofed  to  its  undi- 
minished fury.  The  fame  may  be 
faid  of  a  cloud,  which,  while  it 
is  near  us,  grows  darker  and 
darker;  for,  in  this  cafe,  we  may 
be  certain  that  the  collection  is  not 
materially  leffened  by  any  exhauf- 
tion,  and  that  the  charge  muft  foon 
accumulate  to  its  (hiking  height. 

2dly,  The  perpendicular  direction 
of  the  fla/hes. — This  is  a  certain 
evidence  that  the  charged  clouds 
are  at  that  height  from  which  they 
can  ftrike  into  the  ground.  Some 
electricians  have  confidered  the 
appearances  of  two  flafhes  at  the 
fame  moment  as  an  evidence  that 
the  earth  is  acting  as  a  difcharging- 
rod,     But  though  this  may  often 
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happen,  as  often  the  two  extremi- 
ties of  the  flam,  when  paffing  be- 
hind a  cloud  which  partly  hides 
it,  will  fliew  the  fame  appearance. 
The  fign,  therefore,  is  not  fuffi- 
ciently  appropriate,  and  therefore 
cannot  be  confidered  as  expreffing 
more  than  a  certain  degree  of  pro- 
bability. 

3dly,  An  infulated  conductor, 
whofe  language,  to  thofe  who  are 
acquainted  with  it,  is  feldom  equi- 
vocal ;  a  torrent  of  fparks  flows 
thro'  its  interruption  when  danger 
is  near.  If  that  torrent,  after  con- 
tinuing for  fome  time,  mould  fud- 
denly  flop,  and  again,  after  an  en- 
tire abfence  of  all  figns,  mould 
rapidly  return  with  an  electricity 
oppoflte  to  what  it  (hewed  at  firft. 
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it  is  certain,  that  during  the  cef- 
faticn  of  fparks,  the  conductor 
paffed  the  limits  of  the  greateft 
danger.  The  torrent  of  fluid, 
whofe  ftrength  and  rapidity  are 
peculiar  to  this  cafe,  is  attended 
with  a  loud  and  fmgular  fucceflion 
of  founds,  Mr.  Brook  very  accu- 
rately compares  it  to  the  noife 
made  by  a  church  or  turret  clock, 
immediately  after  it  has  ceafed 
{triking. 

Let  us  next  fuppofe  that  we  are 
juftified,  by  the  preceding  figns,  in 
apprehending  that  our  fituation  is 
within  the  (Inking  diftance,  it  is  an 
object  of  importance,  in  fuch  cir- 
cumftances,  to  know  how  the  threat- 
ened injury  may  be  avoided. 
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If  the  lightning  fhould  enter  your 
dwelling,  you  are  certain  it  will 
pafs  from  one  partial  conductor  to 
another,  and  that  this  feries  of 
partial  conductors  is  always  the 
appendage  of  walls  and  parti- 
tions :  you  will  therefore  place 
yourfelves  in  the  middle  of  a 
room,  becaufe  the  air  will  then 
feparate  you  from  the  ceiling  and 
the  fides  of  the  room,  and  will 
form  fuch  an  interruption  in  the 
circuit  as  muft  neceffarily  deter- 
mine the  preference  of  the  ftroke 
through  the  connected  parts  of  the 
building. 

In  the  open  air,  it  is  the  fafefl 
method  to  keep  at  a  diftance  from 
all  high  and  pointed  objects;  for 
if  you  (land  near  them  during  the 
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itorm,  you  may  become  part  of 
their  circuit,  fimilarly  to  what 
happens  when  you  are  near  a  wall 
or  a  partition.  Be  (ides,  if  the  ob- 
ject, be  ftricken,  you  may  be  de- 
ftroyed  by  the  circumf>ances  of 
its  deftruction.  Many  are  the  in- 
ftances  in  which  travellers,  who 
have  fled  under  high  trees  for 
fhelter,  have  been  either  killed  by 
the  lightning,  or  dafhed  to  pieces 
by  fplinters  of  wood. 

In  the  open  air,  you  fhould 
avoid  every  approach  to  rivers 
and  brooks,  and  more  efpecially 
to  thofe  frefh  dreams  of  water 
which  have  been  formed  by  the 
thunder- fhower;  for-  they  are  all 
excellent  discharging  -  rods,  and 
when    it    is  joined    to    them,    the 
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height  of  a  human  being  furnifhes 
a  prominence  very  likely  to  deter- 
mine the  courfe  and  to  lengthen 
the  {inking  diftance  of  the  light- 
ning. 

In  the  open  air,  any  covered 
carriage  is  a  protection,  provided 
you  can  fit  in  it  at  the  diftance  of 
fome  inches  from  the  fides.  In- 
deed, vehicles  of  this  kind  might 
be  made  the  fafeft  of  all  poflible  fi- 
tuations,  by  furrounding  them  at 
the  top  and  the  bottom  with  thin 
metallic  fillets,  connected  with 
each  other  by  a  (trip  of  the  fame 
fubftance. 

It  is  admitted  by  all  electricians, 
that  buildings  and  fliips  may,  by 
certain  means,   be  completely  pro- 

vol.  11.  u 
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tected  from  the  violence  of  light- 
ning;   but  the  reputation  of  every 
method,    hitherto    prefcribed,    has 
been  fhaken  by  accidents  of  injury 
within  the  fuppofed  fphere  of  their 
activity.     Many  are   the  inftances 
in  which  houfes  have  been  damaged 
when  armed  with   a  fingle  pointed 
conductor;  and  we  have  feen  much 
labour  beftowed  on  the  inveftiga- 
tion  of  one  frightful  cafe,  in  which 
a  building,   fecurcd  by  fix  pointed 
conductors,   was  fet  on  fire  by  a 
finghjlajh. 

It  appears  to  me,  that  the  belt 
means  of  protection  can  be  known 
only  in  confequence  of  a  thorough 
fearch  into  the  various  combina- 
tions of  perilous  circumftances 
which  can  occur.     When  thefe  are 
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clearly  underftood,  we  have  every 
neceffary  direction  for  the  fituation 
of  our  rods;  in  other  words,  our 
conductors  may  be  fo  placed,  that 
the  lightning  cannot  pofTibly  enter 
into  any  circuit  of  which  they  are 
not  a  part. 

FIG.  LI 

Let  B  reprefent  the  pofition  of 
the  charged  cloud;  A,  the  part 
that  is  oppofitely  charged,  or  that 
is  connected  with  it;  FG,  a  pointed 
wire.  In  this  cafe,  the  electric 
fluid  mult  pafs  either  through  the 
feries  of  partial  conductors,  a,  b, 
c,  &x.  or  through  the  body  of 
earth,  AF. 

Now  when,   on  the  one  hand* 

U   2 
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we  conhder  the  drynefs  of  that  foil 
which  is  generally  felected  for  the 
foundation  of  buildings,  the  proba- 
bility there  is  that  nothing  but  the 
foil,  thus  dry,  may  feparate  A  from 
the  wire  FG,  and  the  certainty 
that  if  water  mould  connect  A  and 
FG,  its  refiftance  is  very  confi- 
derable;  when,  on  the  other  hand, 
we  take  into  confideration,  the 
nails,  bolts,  iron  bars,  (trips  of  lead, 
bell-wires,  and  metallic  utenfils 
that  are  fcattered  through  all  build- 
ings, we  (hall,  I  think,  perceive 
the  much  greater  probability  there 
is  of  the  lightning's  palling  through 
a,  b,  c,  d,  Sec.  to  the  cloud,  than 
of  its  paffage  through  the  ground. 

2dly,  Let  us  erect  another  wire, 
HI,   and  ftill  the  danger  is  aim  oft 
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as  great;  for  now  the  poffible  cir- 
cuits of  the  lightning  are  four,  and 
of  thefe,  that  leading  through  the 
houfe  appears  to  be  the  eafieft.  If 
HI  convey  it  harmlefs,  then  it 
muft  pafs  through  the  body  of  air, 
FG,  or  over  the  roof  of  the  houfe. 
We  well  know,  from  paft  experi- 
ments, that  the  infulating  power  of 
the  air  makes  the  refiftance  in  the 
direction  IG  very  confiderable, 
and  even  on  the  fuppofition  that  i 
were  wet,  the  refiftance  over  the 
roof  of  the  houfe  is  not  much  lefs 
confiderable.  If  the  houfe  were 
covered  or  coped  with  lead,  the 
probability  of  a  ftroke  would  then 
be  diminifhed,  but  not  taken  away; 
for,  fuppofe  the  eafieft  circuit 
mould  lie  in  the  direction  KM, 
then,  rather  than  pafs  through  the 

u  3 
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body  of  earth  HK,  or  FK,  it 
might  find  an  eafier  pafTage  through 
the  houfe  than  either  of  the  con- 
ductors. This  would  not  be  the 
cafe,  if  a  ftrip  of  lead,  or  metallic 
fubftance  of  any  kind,  extended 
from  K  to  H,  and  K  to  F.  I 
hence  thought,  at  one  time,  that  a 
houfe  would  be  perfectly  fafe,  if  a 
ftrip  of  lead  were  carried  around 
the  top  and  all  the  bottom  of  the 
building,  and  then  connected  by 
two  or  three  metallic  (trips  extend- 
ing from  the  one  to  the  other. 

In  confequence,  however,  of 
obferving  the  peculiar  effects  of 
lightning  on  certain  trees  which 
had  been  deftroyed  by  it,  a  cafe 
occurred  to  me,  againft  which  the 
preceding  method  is  no  protection. 


ELECTRICITY.  295 

Though  a  great  part  of  the  charge, 
in  the  inftance  I  allude  to,  had 
taken  its  courfe  under  the  bark,  fo 
as  to  peel  off  the  whole  of  it  com 
pletely,  ftill  a  vaft  quantity  had  pe 
netrated  through  the  center  of  the 
trees,  with  fuch  force  as  to  quarter 
them.  The  roots  of  a  tree,  fpread 
in  a  great  variety  of  directions,  and 
into  as  great  a  variety  of  depths ; 
confequently,  the  poffible  circuits 
of  the  fluid,  when  it  ftrikes  through 
a  tree,  being  as  numerous  as  its 
roots,  muft  refemble  them  in  their 
varieties.  Should  it  take  that  which 
turns  up  immediately  into  the  trunk, 
the  ftroke  will  then  pafs  through 
the  heart  of  the  wood,  and  neceffa- 
rily  produce  the  effe&s  I  have  de- 
fcribed. 

U4 
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Let  us  fuppofe  that  a  houfe  were 
erected  over  a  ftratum  of  moifture, 
or  any  other  conducting  fubftance, 
which  dipped  confiderably,  at  a  lit- 
tle diftance  from  the  houfe,  and 
then  fuddenly  rofe  juft  below  it;  in 
that  cafe,  if  the  ftratum  became  the 
circuit  of  a  charge,  the  ftroke  would 
rife  immediately  in  the  center  or 
body  of  the  houfe,  and  in  all  direc- 
tions wouid  force  its  way,  with  de- 
vastation, towards  the  conductors 
on  the  outfide. 

All  pojfible  danger  may  be 
avoided,  if,  when  the  houfe  is 
built,  the  foundation  of  each  parti- 
tion-wall be  laid  on  a  drip  of  lead, 
or  if  the  lead  be  faftened  to  the 
fides  of  them.  The  feveral  {trips 
fhould  be  connected,   and  the  di- 
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menfions  fhould  not  be  lefs  than 
one-fourth  of  an  inch  thick,  and 
two  inches  wide.  A  perpendi- 
cular ftrip,  on  each  fide  of  the 
houfe,  fhould  rife  from  this  bed  of 
metallic  conductors  to  the  furface 
of  the  ground :  there  a  ftrip 
fhould  be  continued  around  all  the 
houfe,  and  carefully  connected 
with  water-pipes,  &c.  The  ftrips 
on  the  fides  of  the  houfe  fhould 
then  be  continued  to  the  roof, 
where  the  method  of  guarding  the 
bottom  fhould  be  imitated.  The 
top  fhould  be  furrounded  by  a 
ftrip,  whofe  connexion  fhould 
fpread  over  every  edge  and  pro- 
minence, and  hence  fhould  con- 
tinue to  the  fummit  of  each  fepa- 
rate  chimney. 
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I  would  particularly  fpecify  the 
protection  of  the  chimnies;  for  I 
have  been  witnefs  to  a  cafe  in 
which  a  houfe  was  guarded,  in 
m  oft  refpecls,  according  to  the  me- 
thod I  have  juft  defcribed.  The 
chimnies  alone  were  unprotected; 
the  lightning  confequently  (truck 
into  one  of  them,  where  its  rage 
terminated;  but  the  tumbling  of 
the  chimney  into  the  roof  was  at- 
tended with  ferious  confequences. 
You  mould  remember,  that  by 
guarding  your  houfe,  you  make  it 
of  all  objecls,  that  which  is  the 
moft  likely  to  become  the  circuit 
of  a  cloud;  you  confequently 
mould  be  very  careful  that  no  in- 
terruption divides  your  conductors, 
for  there  havock  will  probably 
take  place. 
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The   expence  of  a    conductor, 
ere&ed  according  to   the   plan    I 
have  defcribed,  may  be  objected  to 
as   very  great.     I   would   anfwer, 
that  the  principal  portion  of  this 
expence   may  be  avoided,   if  we 
make  a  proper  ufe  of  the  leaden 
pipes  and  copings  which  belong  to 
moft  houfes,  and  if  we  employ  the 
common  plumber  or  the  blackfmith 
to  do  the  bufinefs;  for  if  the  direc- 
tions I  have  given  you,  be  remem- 
bered, no  other  (kill  is  requifite, 
than  that  of  fattening  the  (trips  of 
lead,  fo  that  they  may  be  fecure 
and  at  the  fame    time   connected 
with   each   other.      This   bufinefs 
will  certainly  be  magnified  into  a 
vaft   enterprize,   if   fuperintended 
by   a  profeffional  man.     He  will 
take  care  to  ufe  metal  enough,  and 
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to  fwell  the  importance  of  bis  em- 
ployment, by  making  it  as  burthen- 
fome  as  poffible  to  his  employer. 

I  have  feen  inftances  in  which 
practitioners  of  this  kind  have  raifed 
bars  of  iron  to  the  height  of  forty 
feet,  clofe  to  a  large  leaden  pipe  of 
equal  extent. 

There  can  be  little  difficulty  in 
protecting  mips.  One  ftrip  of 
metal  mould  furround  the  deck; 
another  mould  be  fattened  to  the 
bottom  or  the  fide  of  the  keel : 
thefe  ftrips  mould  be  connected 
with  others  which  embrace  the  fhip 
in  different  parts.  If  the  veffel  be 
copper-bottomed,  nothing  more  is 
neceffary  than  to  connect  the  metal 
which  furrounds  the  deck  with  the 
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copper;  but,  in  both  cafes,  a  fepa- 
rate  (trip  fhould  pafs  from  the  reft 
of  the  flrips  to  each  mail ;  no  in- 
jury can  then  poflibly  happen  be- 
low deck.  This  is  a  circumftance 
of  confiderable  importance;  for 
the  conductors,  which  are  ufually 
defigned  for  the  malts,  are  move- 
able, and  injury  has  often  been 
the  confequence  of  neglecting  to 
place  them  in  their  proper  fitu- 
ation. 

The  protection  of  the  mafts  muft 
be  managed  by  extending  a  metal- 
lic body  along  the  flays  to  as  great 
a  height  as  poffible.  Chains  are 
frequently  employed  for  this  pur- 
pofe;  but  ftrips  of  lead  are  cheaper; 
they  are  not  feparated  by  any  in- 
terruptions;  they  are  not  fo  liable 
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to  injury  from  the  weather  and 
falt-water  as  iron  is,  and,  I  mould 
think,  might  be  fattened  without 
annoying  any  neceffary  move- 
ment. 


THE   ORIGIN   OR   CAUSES  OF  NATURAL 
ELECTRICITY, 

Having  now  proved  that  all  the 
appearances  of  thunder  proceed 
from  the  agency  of  the  electric 
fluid,  or  its  paflage  from  one  part 
of  our  atmofphere  to  another; 
having  likewife  defcribed  and  en- 
deavoured to  illuftrate  the  feveral 
peculiarities  of  found,  light,  direc- 
tion, and  form,  which  belong  to 
thefe  appearances;  and,  finally, 
having  endeavoured  to  eftimate  the 
dangers  attending  them,   to  mark 
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their  figns  and  to  point  out  the  belt 
protection  againft  their  violence, — ■ 
I  (hall  now  proceed  to  invefiigate 
their  caufes. 

From  time  immemorial  this  fub- 
je&  has  ftimulated  the  human  mind 
to  be  aclive  and  bufy  in  conjectu- 
ring, and  to  us,  enlightened  as  we 
are  by  difcoveries  of  a  very  recent 
date,  the  imaginations  of  theorifts, 
who  fpeculated  near  two  thoufand 
years  ago,  appear  not  lefs  rational 
than  thofe  of  many  eminent  mo- 
derns, who  have  fcarcely  clofed 
their  eyes  on  the  brightening  day 
of  philofophy.  In  fome  particu- 
lars, Lucretius  approached  as  near 
the  truth  as  Dr.  Franklin.  The 
former  afcribed  thunder  to  the  con- 
tending percuflions  of  one   cleud 
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againft  another,  and  the  latter,  to 
trie  friclion  of  the  faline  againft  the 
aqueous  particles  of  the  ocean. 

By  Mr.  Bennet's  electrofcope, 
we  are  taught  that  whenever  a  folu- 
tion  or  precipitation  takes  place, 
or  whenever  .any  two  bodies,  hav- 
ing a  mutual  attraction  to  each 
other,  are  united  or  feparated,  a 
change,  attended  by  electrical  figns, 
is  immediately  produced.  This  is 
particularly  the  cafe  in  air,  and  the 
change  is  never  fo  confiderable  as 
when  its  component  quantity  of 
moifture  is  either  increafed  or  de- 
pofited.  In  our  endeavours,  then, 
to  explain  the  production  of  na- 
tural electricity,  we  have  nothing 
more  to  do,  than  to  difcover  ihe 
various  circumftances  of  the  atmo- 
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fphere,  nothing  more  to  do  than  to 
difcover  the  various  circumftances 
in  which  moifture  is  abforbed  or 
precipitated.  When  thefe  are 
known,  it  can  be  no  difficult  bufi- 
nefs  to  find  out  the  feveral  partial 
and  lefs  powerful  caufes  which  may 
either  increafe  or  diminifh  the  el^ 
fe£ts  of  the  general  and  moft  pow- 
erful caufe.  It  is,  however,  pre- 
vioufly  neceffary  to  remind  you 
of  the  proof  furnifhed  by  nume- 
rous experiments,  that  when  any 
portion  of  the  atmofphere  is  in  a 
ftate  to  take  up  an  additional  quan- 
tity of  moifture,  it  is  in  a  ftate  at 
the  fame  time  to  take  up  more  elec- 
tric fluid;  and,  vice  verfa,  when 
it  is  parting  with  its  water,  it  is  at 
the  fame  time  parting  with  its  elec* 
vol.  11.  x 
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trie  fluid.  But  in  thefe  cafes  nei- 
ther the  fuperabundance  nor  the 
deficiency  can  produce  a  charge, 
unlefs  there  be  foirie  other  part  of 
the  air  contemporaneous1}7-  in  an 
oppofite  itate,  or  in  a  difpofition 
either  to  receive  or  give.  It  is, 
however,  fcarcely  poflible  that 
this  fhould  not  always  happen;  for 
our  atmofphere  is,  throughout  its 
vaft  dimenfions,  each  moment  agi- 
tated by  millions  of  co-inftanta- 
neous  changes,  and  for  our  pur- 
pofe  it  is  of  no  confequence  where 
the  required  change  takes  place. 
Were  it  in  New  Holland,  or  at  the 
Antipodes,  a  connexion  would  be 
inftantly  formed  between  the  re- 
mote but  oppofite  fituations,  by 
the  conducting  powTer  of  the 
earth. 
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It  is  a  neceffary  conclufion,  from 
what  I  have  juft  faid,    that  if  the 
abforption  of  moifiure  by  the  air, 
or   the    copious  evaporation  of  it 
from  the  earth,   be  attended  with 
a  new  accumulation  of  the  fluid ; 
then  where  this  caufe  operates  molt 
powerfully,  there  its  correfpondent 
effect,  will  be  moft   fenfible.     We 
confequently    find,    that   the   moft 
tremendous  electrical    phcenomena 
belong  to  the  countries  within  the 
Tropics,  or  to  that  portion  of  our 
atmofphere  which  is   loaded  with 
moifture  by  the  moft  powerful  in- 
fluence of  the  fun's  rays.     In  like 
manner,    within   the  limits  of  our 
own    and    other    fimilar    climates, 
electrical  phcenomena  are  greateft, 
both  in  force  and  frequency,  during 
x  2 
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the  hotteft- months  of  the  year,  or 
during  the  feafon  in  which  our  at- 
mofphere  is  moft  copioufly  and  ra- 
pidly charged,  by  abforbing  the 
humidity  of  the  ground. 

In  the  neighbourhood  of  /Etna 
and  Vefuvius,  during  the  period  of 
their  volcanic  fury,  furfaces,  cover- 
ing the  dimenfions  of  feveral  fquare 
leagues,  are  fometimes  fcorched 
with  red  hot  lava,  and  every  atom 
of  their  moifture  is  rapidly  difii- 
pated.  At  the  fame  time  the  fur- 
rounding  air  is  heated  to  a  vaft 
extent,  and  in  this  ftate  fwallows 
up  an  immenfe  quantity  of  aqueous 
vapour ;  but  contemporaneoufly 
with  the  operation  of  thefe  powers, 
according  to  the  reports  of  all  na- 
iUral   hiftorians,  an  immenfe  quan- 
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tity  of  the   electric    fluid  is   accu- 
mulated and  difcharged. 

Again,  a  dry  wind,  paffing  over  a 
moft  foil,  is  another  modification  of 
the  caufe  we  are  applying :  it  pro- 
duces a  copious  and  rapid  folution 
of  aqueous  particles,  and  its  confe- 
quent  alteration  of  attractive  force. 
Let  us,  for  inftance,  fuppofe  a 
wind,  which  had  paffed  over  the 
deferts  of  Arabia,  or  that  had  been 
well  roafted  in  its  paffage  over  a 
large  extent  of  burning  fands,  to 
come  in  conta6l  with  a  fimilar  ex- 
tent of  marfhy  foil,  or  of  any  fur- 
face  well  drenched  with  water,  a 
moft  abundant  evaporation  would 
neceffarily  take  place,  and  with  it 
an  immenfe  accumulation  of  the 
electric    fluid.     But   fubfequently- 

x  3 
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in  cafe  any  power  operated,  which 
would  take  away  the  aqueous  par- 
ticles thus  diffolved,  and  of  courfe 
altered  the  degree  of  attractive 
force  by  which  the  collected  elec- 
tric fluid  is  fufpended,  we  fliould 
find  that  the  moft  dreadful  thunder- 
ftorms  would  take  place.  This  is 
really  the  cafe;  for  there  is  fcarcely 
a  region  in  the  vaft  circle  fur- 
rounding  the  immeafurable  fands 
of  Africa,  which  is  not  remarkable 
for  dorms  and  tempefts. 

On  the  fide  of  Abyffinia,  when 
the  warm  winds  that  have  paffed 
over  the  neighbouring  deferts  are 
condenfed  on  its  mountains,  thofe 
deluges  are  collected  which  form 
the  inundations  of  the  Nile. 

On  the  coaft  of  Guinea,  the  har- 
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mattan,  which  is  a  current  of  air 
fo  dry  as  to  wither  and  pulverize, 
by  a  complete  abfprption  of  all  its 
juices,  every  fub (lance  that  occurs 
in  its  paffage,  is  no  fooner  mixed 
with  that  body  of  air  which  is 
cooled  by  the  ocean,  than  it  forms 
the  mofl  terrific  hurricanes  of  wind 
and  lightning  that  are  defcribed  by 
navigators.  Along  the  Syrian  re- 
gions, we  learn  from  facred  autho- 
rity, that  the  florms  gather  with 
fuch  rapidity,  that  a  cloud  which 
the  hand  might  cover  this  inftant, 
is  within  the  interval  of  a  few  mi- 
nutes charged  with  water  adequate 
to  the  inundation  of  a  whole  coun- 
try. 

The  thunder  that  attended  thefc 
impetuous    dorms,    provoked    the 

3  4 
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fublimeft  expreffions  of  their  poets. 
Indeed,  whenever  their  minds  at- 
tempt the  defcription  of  celeftial 
greatnefs,  or  the  fudden  and  over- 
whelming approach  of  divine  power 
in  its  triumph  or  in  its  fury,  they 
have  recourfe  for  imagery  to  thofe 
thunder-clouds,  which  they  juftly 
reprefented  as  extinguishing  the 
light  of  the  fun,  and  as  involving 
the  world  in  a  few  inftants  in  the 
darknefs  of  midnight. 

In  this  country,  the  cold  attend- 
ing our  eafterly  winds  muft,  in  a 
great  degree,  counteract  the  effecls 
of  their  drought;  but  from  Mr. 
Read's  journal,  it  is  evident  that 
N.  E.  winds  are  frequently  at- 
tended with  considerable  accumu- 
lations of  the  eleclric  fluid. 
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Having  fpecified  the  two  moft 
confiderable  caufes  of  evaporation 
on  the  furface  of  this  earth,  let  us 
now  attend  to  the  poffible  changes 
of  the  atmofphere,  when,  by  the 
operation  of  either  or  both  of  them, 
it  is  charged  with  the  electric  fluid. 
All  thefe  changes  are  but  different 
degrees  of  the  fame  effect,  or  of  the 
condenfation  of  moifture,  and  this 
condenfation  is  in  every  cafe  pro- 
duced by  an  alteration  of  tempera- 
ture, which  may  proceed, 

ift,  From  a  mixture,  or  even 
the  contact  of  a  colder  with  a 
warm  air.  When  the  fmalleft 
clouds  are  formed  by  fuch  a  mix- 
ture, it  is  evident,  by- Mr.  Read's 
journal,  that  an  electrical  charge 
takes  place,  fo  that  one  portion  of 
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the  cloud  has  more,  and  the  other 
lefs  than  its  natural  fhare.  Fogs, 
dews,  and  the  flighted  change  of 
clear  for  hazy  weather,  are  molt 
commonly  the  confequences  of  a 
warmer  atmofphere  coming  in  con- 
tact with  one  of  different  tempera- 
ture, but  even  thefe  trifling  degrees 
of  condenfation  are,  by  Mr.  Read's 
journal,  known  to  be  always  fol- 
lowed by  figns  of  electricity. 

In  this  country,  the  air  changes 
its  appearances  very  often  twenty 
times  in  one  day,  owing  to  its  in- 
fular  fituation,  which  expofes  it  to 
the  perpetual  influence  of  varying 
winds.  But  there  is  no  degree  of 
thick  cloudinefs  or  perfect  clear- 
nefs,  of  fcattered  clouds  fucceed- 
ing  embodied  mafles  of  clouds,  of 
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fmall  rain  increafing  to  heavy  rain, 
or  of  heavy  decreafing  into  fmall 
rain,  that  is  not  attended  with 
changes  in  the  exprelfions  of  the 
elevated  conductor,  which  never 
fails  to  vary  with  all  the  atmofpheric 
condenfations  and  rarefactions  that 
take  place. 

It  is  however  obvious,  that  in 
proportion  to  the  quantity  and  ra- 
pidity of  the  condenfation,  fo  muft 
the  effect,  be.  When,  therefore, 
any  body  of  air  has  been  a  long 
time  fufpended  over  a  furface  of 
ground,  previoufly  drenched  with 
fhowers,  and  at  the  fame  time  ex- 
pofed  to  the  violence  of  the  fun's 
rays,  a  change  in  the  direction  of 
the  wind,  or  fuch  a  change  in  the 
weight   of    the    air   as   mixes    the 
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upper  and  colder  with  the  lower 
regions  of  the  air,  is  almoft  always 
attended  with  a  thunder-ftorm. 

In  tropical  climates,  day  follows 
day  for  months  together,  in  which 
the  calm  atmofphere  becomes  load- 
ed by  one  addition  of  moiflure  to 
another,  till  it  becomes  at  laft  the 
refervoir  of  vaft  rivers  and  lakes, 
and  of  all  the  moiflure  that  is  fpread 
over  whole  continents.  But  when 
this  drought  has  reached  its  crifis, 
the  fun  paffes  the  line,  the  wind 
takes  a  new  direction,  a  colder  air 
mixes  with  that  which  is  thus 
charged  with  vapours,  and  the  con- 
denfation  becomes  fo  copious  as 
to  inundate  all  the  fubjacent  coun- 
tries ;  hut  the  deluge  is  not  more  de- 
itru&ive  than  the  attendant  ftorm  ; 
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for,  according  to  the  reports  of 
fpecfators,  our  imaginations,  con- 
fined to  the  proceedings  of  nature  in 
this  frozen  region,  have  no  images 
from  which  any  fuch  comparifon 
can  be  made,  as  will  communicate 
the  leaft  idea  of  the  thunder  attend- 
ing a  tropical  hurricane. 

- 
The  caufe  I  am  now  applying  to 
the  explanation  of  natural  appear- 
ances, will  furnifh  us  with  an  eafy 
folution  for  one  difficulty  which 
has  oppreffed  feveral  elecfrical 
theories;  I  mean  that  rapid  gene- 
ration and  increafe  of  electricity 
which  takes  place  in  fome  thunder- 
ftorms.  Even  in  this  country,  I 
have  known  the  fucceflion  of  flames 
to  be  fo  quick,  that  one  hundred 
and   twenty    followed    each   other 
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within  a  minute.  In  Aiia,  this  ce- 
lerity of  accumulation  and  difcharge 
was  fo  great,  that  Homer  ufes  it  as 
part  of  a  fimily,  by  which  he  paints 
the  quirk  repetition  of  Agamem- 
non's fighs  and  pantings  in  an 
hour  of  diftrefs.  In  the  Eaft  and 
Weft  Indies,  it  is  a  common  ex- 
preffion, — "  The  fky  was  fired  for 
hours  by  one  inceifant  blaze  of 
lightning." 

It  may  be  afked,  If  each  diftinci 
cloud  is  loaded  with  a  diftinct 
charge,  and  if  each  flafh  is  a  fe- 
parate  difcharge  of  fuch  a  cloud, 
what  is  there,  in  our  knowledge  of 
natural  powers,  that  will  account 
for  an  innumerable  repetition  of 
there  accumulations  and  difcharges 
within  a  very  fmall  fpace  of  time, 
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more  efpecially  when  each  of  them 
is  connected  in  our  minds  with  the 
neceflity  of  a  diftincl:  part  of  that 
time  for  its  procefs  ?  In  other 
words,  Do  we  know  of  any  caufe 
that  is  adequate  to  the  filling  and 
emptying  of  the  fame  cloud,  or, 
more  properly,  of  the  fame  portion 
of  air  every  inftant  for  hours  to- 
gether ? 

On  a  hot  fummer's  day,  within 
five  feconds  of  time,  I  have  fre- 
quently feen  one  fine  blue  fky 
changed  into  one  mafs  of  clouds, 
which  occupied  the  whole  vifible 
hemifphere.  If  the  caufe  which 
produced  fo  great  an  effecl,  were 
fuppofed  to  be  doubled  in  its  in- 
fluence or  its  power  of  condenfa- 
tion,  the  degree  of  electricity  fhewn 
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by  the  elevated  conductor  would 
be  thus  rather  more  than  doubled, 
and  its  figns  would  be  much  ftronger 
than  what  it  Slewed  when  a  com- 
mon ftorm  is  over  it;  we  mould 
hence  conclude,  that  the  whole 
mafs,  which  might  be  thus  formed  in 
five  feconds,  would  be  loaded  fo  as 
to  have  every  part  of  it  at  the  dif- 
charging height:  but  the  mafs  might 
confift  of  hundreds  of  diftin6l 
clouds,  all  in  the  fame  ftate,  and 
confequently  adequate  to  the  ap- 
pearance of  feveral  hundreds  of 
fiafhes  within  one  minute. 

The  collapfe  of  aqueous  par- 
ticles, which  would  necelTarily  fol- 
low fuch  a  rapid  fucceffion  of  dif- 
charges  as  I  have  now  proved  to 
be  poffible,  would  produce  a  par- 


ELECTRICITY.  32 1 

tial  vacuum  of  great  extent,  and 
on  all  fides  the  heavier  air  would 
rufli  into  it,  and  the  upper  and 
colder  regions  would  prefs  down- 
wards, and  by  their  condenfing 
temperatures  would  renovate  all 
the  accumulatious  and  difcharges 
which  I  have  already  defcribed ;  a 
fecond  collapfe  would  follow  a  fe- 
cond  feries  of  thunder-ftrokes,  and 
a  partial  vacuum  additional  to  the 
former;  a  frefh  portion  of  warm 
air  would  again  rufh  in  from  all 
quarters,  and  a  frefh  mixture  of 
cold  air  from  the  upper  regions. 
It  is  fcarcely  neceffary  to  fliew  that 
this  repetition  of  condenfations  may 
continue  for  hours,  or  till  the  air, 
which  rufhes  in  laterally,  becomes 
of  fuch  a  temperature,  that  its  mix- 
ture with  the  colder  air  will  not 
vol.  11.  y 
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produce  the  condenfations  ade- 
quate to  the  collection  of  that  quan- 
tity of  eleclric  fluid  which  is  ne- 
ceffary  for  a  difcharge. 

From  this  explanation  it  is  ob- 
vious that  a  central  point  mult  ex- 
ift,  at  which  the  violence  of  every 
ftonn  begins,  and  from  which  it  is 
fpread  in  all  directions.  A  hurri- 
cane in  the  Weft  Indies,  though 
ruinous  to  many,  is  generally  the 
diftinguifhing  calamity  of  one  ifland, 
at  which  alone  the  wind  is  defcribed 
as  blowing  from  every  point  of  the 
compafs;  while,  in  every  other 
ifland,  it  is  reprefented  as  bearing 
down  decifively  from  one  quarter. 

2dly,  The  precipitation  of  aque- 
ous particles,  when  fufpended  by 
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heat  in  air,  is  frequently  the  con- 
fequence  of  the  loaded  atmo- 
fphere's  coming  in  contact  with 
portions  of  the  earth  that  are 
colder  than  itfelf.  Such,  particu- 
larly, are  the  fummits  of  moun- 
tains, whofe  effeft:  is  great  in  pro- 
portion to  the  degree  of  their  cold 
and  the  extent  of  their  furface.  It 
is  however  certain,  that  condenf- 
ations,  when  thus  produced,  are 
invariably  attended  by  thunder- 
ftorms. 

The  darknefs,  the  uproar,  and 
the  fplendour  of  the  innume- 
rable lightnings,  which  dart  thro' 
all  the  entangled  circuits  of  an 
abyfs  of  thunder-clouds,  are  the 
immutable  attributes  of  grandeur 
which  belong  to  the  cordilleras; 
y  2 
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for  thev  dam  up,  as  it  were,  an 
immenfe  Row  of  air,  which  is  al- 
moft  faturated  with  moifture  by 
paffing  over  thoufands  of  leagues 
of  land  expofed  to  the  fury  of  a 
tropical  fun. 

In  fummer,  the  north-wefterly 
winds  that  pafs  over  France  are 
always  condenfed  by  the  Alps,  and 
in  the  night,  during  fuch  a  ftate 
of  the  atmofphere,  to  all  thofe 
who  live  along  the  Soane  and  the 
upper  part  of  the  Rhone,  thefe 
mountains  are  always  brightened  by 
electrical  flafhes  and  corrufcations. 

All  ridges  or  chains  of  very  high 
grounds,  efpecially  thofe  which 
terminate  extenfive  plains  lying  in 
the  direction  of  their  mod  com- 
mon   winds,    are   perpetually    be- 
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clouded,  and  with  a  good  conduc- 
tor, fixed  on  their  furmnits,  we 
mould  find  that  the  figns  of  elec- 
tricity were  as  conftant  as  the  con- 
denfations  by  which  they  are  en- 
veloped. But  in  proportion  to 
the  coldnefs,  fo  is  the  fubfequent 
change  of  temperature  which  takes 
place  on  the  eminences  diminifhed, 
and  the  electrical  effect,  dependant 
on  that  change.  It  hence  happens 
that  there  are  countries  in  the 
northern  parts  of  Europe,  the 
gloom  of  whofe  miffs  is  never  dif- 
perfed  by  a  thunder-iform,  except- 
ing in  the  hotteft  feafon  of  fummer. 

3d3y,  When  the  fun,  by  direct- 
ing its  rays  with  force  and  abun- 
dance upon  the  earth  for  any  length 
of  time,  has  produced  a  confide- 

Y  3 
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rable  evaporation,  the  mere  inter- 
ruption of  its  influence  will  be  at- 
tended by  a  difcharge  of  the  elec- 
tric fluid;  for  the  great  fource  of 
change  in  our  atmofphere  is  the 
ready  influence  of  its  upper  re- 
gions, which  are  cold,  on  its  lower 
regions  when  warmed,  and  any 
caufe  which  mixes  thefe  together, 
rauft  bring  on  a  fudden  condenfa- 
tion  of  aqueous  vapour.  This 
mixture,  however,  takes  place  on 
the  mere  approach  of  night,  as  is 
evident  from  the  change  of  tem- 
perature exprefled  by  the  thermo- 
meter, and  the  ufual  fall  of  the 
dews :  we  confequently  find,  that 
as  night  comes  on,  the  figns  of 
electricity  always  increafe.  When 
the  weather  is  tolerably  fettled,  or 
fuch  that  no  other  caufe  is  active 
than    that    proceeding    from     the 
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change  of  day  for  night,  or  night 
for  day;  then,  according  to  Mr. 
Read's  obfervations,  the  figns  of 
electricity  gradually  decreafe  from 
twelve  o'clock  at  night  till  fix 
in  the  morning;  from  this  hour 
till  nine,  they  gradually  increafe, 
when  they  become  exceedingly 
weak,  and  continue  fo  till  four  in 
the  afternoon  :  the  increafe  at  this 
time  re-commences,  and  is  very 
decifive  in  its  appearance  till  about 
two  hours  after  fun-fet,  when  it 
becomes  ftationary,  and  remains 
in  this  ftate,  or  decreafing,  fo  as 
fcarcely  to  be  fenfible,  till  the 
morning. 

If  we  were  to  defcribe  the  pre- 
ceding facls  in  the  language  fug- 
gefted  by  the  relation  of  their  ap~ 
y  4 
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pearances  to  their  caufe,  I  mould 
fay,  that  when  the  dews  are  fallen, 
or  that  condenfation  ends  which 
is  caufed  by  the  departure  of  the 
fun,  then  the  change  which  pro- 
duces electrical  figns  is  removed. 
When  the  morning  appears,  then 
the  rays  of  the  fun,  warming  the 
ground,  caufe  the  vapours,  con- 
denfed  by  the  night,  to  re-af- 
cend,  and,  by  their  mixture  with 
the  air,  to  produce  new  figns  of 
eleclricity.  As  foon  as  this  mix- 
ture is  over,  or  about  nine  o'clock, 
that  power  has  ceafed,  which  fepa- 
rates  any  portion  of  the  eleelric  fluid* 
At  four  o'clock,  the  evening  cold 
begins,  and  of  courfe  the  evening 
condenfation  of  vapours,  which  lets 
loofe  whatever  quantity  of  the  elec- 
tric fluid  was  abforbed  during  the 
courfe  of  the  dav. 
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The  caufe  whofe  operation  I 
have  now  inveftigated,  in  the  pro- 
duction of  its  moll  feeble  effe&s, 
may  be  eafily  applied  to  many 
other  caufes,  in  which  fimilar  but 
greater  powers  are  difplayed  by 
nature.  Let  us  fuppofe,  that  on  a 
wide  furface  of  ground,  previoufly 
warmed  by  the  fun,  copious  fhowers 
of  rain  had  fallen,  followed  by  a 
return  of  the  fun's  influence;  in 
this  cafe,  the  evaporation  is  necef- 
farily  very  rapid,  and  the  figns  of 
eleclricity,  expreffed  by  an  ele- 
vated conductor,  are  by  far  the 
ftrongeft  that  have  occurred  to  my 
experience,  excepting  thofe  which 
are  given  by  a  cloud  that  is  in  the 
act,  as  it  were,  of  difcharging  itfelf. 

When  a  copious  production  of 
electric  fluid,  fimilar  to.  what  I  have 
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now '  reprefented,  has  attended  a 
copious  evaporation  continued  for 
feveral  fucceffive  hours,  a  thun- 
der-ftorm,  or  fome  ftriking  elec- 
trical appearance,  muft  come  on 
with  the  approach  of  night;  for, 
unlefs  the  barometer  fhou  d  rife 
fuddenly,  the  condenfation  attend- 
ing the  evening's  cold  muft  be  very 
confiderable,  and  its  ufual  confe- 
quences  great  in  proportion.  The 
mod  violent  thunder-ftorm  which 
I  ever  witnefled  in  this  country 
followed  fuch  a  day  as  I  have  juft 
defcribed.  Indeed,  I  have  fcarcely 
known  the  inftance  in  which  a  moift 
ground,  operated  upon  by  a  clear 
fun  for  fome  hours,  provided  the 
wind  continued  to  blow  from  the 
fouth-weft  or  weft,  was  not  attended 
the  following  night  by  the  appear- 
ance of  falling  ftars,  northern  lights 
or  flaihes  of  lightning. 
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I  have  feveral  times  alluded  to 
the  connexion  of  breezes  or  winds 
with  the  phcenomena  of  natural 
electricity.  Their  influence  mult 
depend  on  a  great  variety  of  cir- 
cumftances ;  but  in  fome  cafes,  I 
fhould  fuppofe  they  would  dimi- 
nifh ;  in  others,  that  they  would  put 
an  end  to  electrical  appearances. 
When  they  are  the  current  which 
proceeds  from  the  mixture  of  two 
winds  of  different  temperatures, 
they  are  then  (as  I  have  already 
obferved)  the  effects  of  a  condenf- 
ation  which  may  be  followed  by 
the  moll  violent  ftorms.  But  in 
cafe  two  regions  fhould  exift  near 
each  other,  in  one  of  which  the 
rays  of  the  fun  and  the  moifture 
of  the  ground  co-operate  in  pro- 
ducing  electricity,    while,    in    the 
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neighbouring  region,  a  condenfa- 
tion  favourable  to  the  difcharge 
or  releafe  of  the  electric  fluid  is 
prevalent ;  in  fuch  a  cafe,  a  cur- 
rent of  air  would  operate  like  a 
communicating  rod  between  two 
oppofite  furfaces ;  it  would  ex- 
change the  fituations  of  the  charged 
bodies,  and  confequently  would 
caufe  the  new  fituation  to  coun- 
teract the  effects  produced  in  that 
which  was  juft  left.  The  more 
rapid  this  exchange,  the  more  fen- 
fible  would  the  confequence  be : 
we  therefore  find,  by  Mr.  Read's 
diary,  that  high  winds  are  always 
unfavourable   to   aerial   electricity. 

Again,  the  following  is  a  mode 
in  which  currents  of  air  mull  ope- 
rate powerfully. 
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It  appears,  that  almofi  every 
diilinct  cloud  confifts  of  a  pofitive 
and  negative  portion,  whofe  in- 
fluence will  depend  on  their  infu- 
lation ;  but  when  you  bring  a  body 
that  is  charged,  fo  that  its  oppofite 
parts  may  have  a  connexion  with  a 
body  capable  of  being  charged,  a 
divifion  of  the  charge  will  take 
place.  This  divifion  will  be  fub- 
divided  by  a  fucceffion  of  contacts 
fimilar  to  what  I  have  now  de- 
fcribed,  and  an  accumulation  of 
confiderable  magnitude  in  its  firft 
ftate  will  be  thus  reduced  to  no- 
thing in  a  very  fhort  fpace  of  time. 
This,  however,  is  exactly  the  effect 
of  a  wind;  for  it  carries  the  cloud 
through  a  body  capable  of  parti- 
cipating in  its  contents;  each  fuc- 
ceffive    part    of    it    therefore    acts 
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like  a  partial  conductor,  which  gra- 
dually fteals  away  fmall  portions, 
till  at  laft  the  whole  of  the  charge 
is  difperfed. 

NORTHERN  LIGHTS. 

I  have  now  directed  your  atten- 
tion to  all  the  peculiar  appearances 
of  aerial  electricity,  and  to  the  elu- 
cidation of  them  I  have  applied 
the  various  principles  which  you 
have  learnt  from  the  preceding 
parts  of  thefe  Lectures;  I  fhall 
now  proceed  to  other  phcenomena, 
which,  though  in  reality  the  effects 
of  that  caufe  whofe  fole  influence 
we  have  hitherto  inveftigated,  are, 
notwithflanding,  treated  by  philo- 
fophers  as  a  diftincl  object  of  con- 
fideration. 
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Several  of  the  moft  celebrated 
enquirers  into  nature  have  given 
their  authority  to  fome  of  the  moft 
extravagant  theories,  in  attempting 
to  afltgn  its  proper  caufe  to  the  au- 
rora borealis.  Their  imaginations 
have  kindled  bonfires  in  the  poles 
of  the  earth,  and  they  have  repre- 
fented  the  northern  lights  as  the 
effects  of  flames,  to  which  thofe 
lights  have  fcarcely  any  fimilarity, 
and  from  which  they  are  diftin- 
guifhed  by  numberlefs  diverfities. 

The  fait  pits  of  the  north  were 
at  one  time  regarded  as  emitting  a 
luminous  effluvium  from  their  en- 
trails, copious  enough  to  pervade 
the  whole  of  our  northern  atmo- 
fphere.  The  difcoveries  of  elec- 
tricians  have    configned   all  thefe 
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reveries  to  a  fhade,  whence  they 
would  never  return  to  excite  the 
wonder  of  modern  philofophers,  if 
the  authors  of  them  had  not  Drought 
forth  other  productions,  whofe  me- 
rits have  made  even  their  miftakes 
immortal. 

I  will  now  lay  before  you  the 
evidence  we  have  for  confidering 
the  northern  lights  as  the  effect,  of 
the  electric  fluid.  I  will  then  de- 
fcribe  fome  of  their  moll  linking 
appearances,  and,  as  I  proceed, 
(wherever  probability  juftihes  me) 
I  will  endeavour  to  point  out  the 
particular  manner  in  which  the 
eleclric  fluid  operates. 

I.  If  thunder  be  caufed  by  the 
electric    fluid,    there    is    a   certain 
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height  of  the  atmofphere  in  which 
the  caufe  of  thunder  muft  necef- 
farily  aflurhe  the  appearance  of 
the  northern  lights.  In  air,  rare- 
fied to  a  certain  degree,  the  paf- 
fage  of  the  electric  fluid  is  attended 
with  all  the  undulating  corrufca- 
tions  of  the  aurora  borealis.  In- 
deed, there  is  not  a  fingle  circum- 
ftance  in  the  experiment  of  palling 
a  fpark  or  charge  through  an  ex- 
haufted  tube,  which  does  not  bear 
a  refemblance  to  fomething  ob- 
ferved  in  the  northern  lights. 
There  is  the  fame  peculiarity  in 
their  motion ;  the  fame  variety  in 
their  colour,  and  the  fame  quick 
alternations  of  flames  in  both;  the 
ftreams  are  alike  vivid  and  pointed, 
and  if  the  exhauftion  be  properly 
managed,  fome  parts  will  appear 
vol.   11.  z 
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with  that  reddifli  tinge,  which  is 
often  obferved  in  the  air  by  the 
vulgar,  with  fear  and  confirmation. 
But 

II.  As  the  rarefaction  of  the  air 
increafes,  fo  does  the  (Inking  dif- 
tance  of  a  charge  that  paffes  thro* 
it.  If  twro  clouds,  therefore,  the 
one  pofkive  and  the  other  nega- 
tive, fliould  have  no  other  circuit, 
is  it  not  highly  probable  that  they 
will  difcharge  themfelves  through 
the  higher  regions  of  the  air,  es- 
pecially if  their  own  elevation  be 
confiderable,  and  their  communi- 
cation by  means  of  the  earth  im- 
practicable ? 


III.   The  changes  in  the  atmo- 
fphere,    which    produce    thunder, 
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are  molt  commonly  productive  of 
the  aurora  borealis ;  for  this  ap- 
pearance is  mod  generally  feen  du- 
ring the  heat  of  fummer,  and  the 
inhabitants  of  the  northern  coun- 
tries have  obferved  the  aurora  to 
be  remarkably  ftrong,  when  a  fud- 
den  thaw  has  fucceeded  very  cold 
weather. 

If  you  admit  the  ftrength  of 
fuch  evidence  as  I  have  now  pro- 
duced, with  the  intention  of  pro- 
ving the  identity  of  that  caufe  on 
which  thunder  depends,  to  that 
which  produces  the  aurora  bo- 
realis, our  next  bufinefs  will  be 
to  examine  whether  our  knowledge 
of  electricity  will  help  us  to  account 
for  the  feveral  peculiarities  attend- 
ing this  phcenomenon. 
z  2 
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lft,  Why  does  it  moft  commonly 
appear  in  the  northern  parts  of  the 
hemifphere  ?  This  queftion  is,  I 
think,  eafily  anfwered  by  recurring 
to  what  we  have  already  defcribed 
and  explained.  As  the  fun  de- 
clines towards  the  horizon,  that 
condenfation  takes  place,  which  we 
have  feveral  times  proved  to  be 
one  of  the  moft  abundant  fources 
of  electrical  appearances;  but  if 
this  condenfation  prevails  in  the 
upper  regions  of  the  atmofphere, 
the  fluid  that  is  let  loofe  will  cer- 
tainly take  its  courfe  through  the 
moft  rarefied  portion  of  the  air,  to 
that  which  is  negatively  electrified. 
- — The  condenfation,  however,  to 
which  I  call  your  attention,  muft 
follow  the  courfe  of  the  fun,  and 
as    it    forms    its    continued    track 
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-around    the    earth,    the    condenfa- 
tion,  which  takes  place  fucceffively 
in  the  regions  the  fun  has  left,  will 
be  ever  fupplying  the  increafed  at 
tractive    force    of    the    region    it 
warms.     Thus,   when  the  fun  is  in 
the  meridian  of  any  place,  it  is  moft 
powerful,   and  if   the   evaporation 
be  rapid,    the     aqueous   particles, 
which  afcend,  will  difpofe  the   air 
to  attract  the  electric   fluid  in  all 
directions.      At    this  moment    the 
region,  which  was  warmed  fix  hours 
before,  will  have  its  nightly  dews 
falling,  whofe  condenfation  will  let 
loofe  that  quantity  of  electric  fluid 
which  is    fufficient    to    fupply   the 
atmofphere  that  is  warmed  by  the 
meridian    fun,    and   which,    in   its ' 
paffage,  muft  produce  effects  alto- 

*  3 
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gether  adequate  to  the  appearances 
of  the  northern  lights. 


<->' 


The  feafons  of  the  year,  in  which 
thefe  appearances  are  molt  rare, 
and  the  feafons  likewife  in  which 
they  moft  abound,  feem  to  corro- 
borate the  preceding  theory. 

In  winter,  the  northern  lights, 
comparatively  fpeaking,  are  feldom 
feen ;  for  the  general  cold  will  fel- 
dom admit  of  fuch  a  gradual  and 
uninterrupted  condenfation  as  that 
which  I  have  now  fuppofed.  In 
winter  the  northern  lights  are  very 
partial  in  their  extent;  for  the  fun 
is  foon  below  ■our  horizon,  and  fo 
is  the  whole  region  of  its  poffible 
influence. 
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In  fummer,  the  northern  lights 
are  moll  common,  and  they  are 
generally  the  attendants  of  rain 
in  the  courfe  of  the  day,  and  of 
an  atmofphere,  which  becomes  clear 
as  the  night  approaches,  or  which 
implies  fuch  a  change  in  the  weight 
of  the  air  as  will  favour  the  afcent 
of  whatever  aqueous  particles  may 
have  been  accumulated.  Again, 
in  fummer,  the  aurorae  boreales 
are  more  to  the  north  than  in  the 
winter.  In  the  months  of  July  and 
Auguft,  they  may  be  often  ken 
at  midnight;  for  the  fun  is  then  in 
its  moft  northerly  quarter,  and 
even  at  midnight  is  not  fo  far  below 
our  horizon  as  to  preclude  the 
poffibility  that  the  condenfed  part 
of  our  vifible  hemifphere  may  fup- 
ply  that  portion  of  electric  fluid 
z  4 


344  LECTURES     ON 

which  its  rays  are  accumulating  in 
a  lower  region. 


■■-> 


Is  it,  I  would  afk,  improbable 
that  in  the  arciic  regions,  when 
buried  in  their  long  darknefs,  the 
condenfation  produced  by  increaf- 
ing  cold  ihould  let  loofe  a  vaft 
quantity  of  the  eletlric  fluid,  which 
will  find  its  way  through  the  higher 
parts  of  the  atmofphere  to  fupply 
the  deficiency  neceffarily  caufed 
by  the  influence  of  the  fun  in  the 
fouth  ?  Will  not  fuch  a  paffage 
of  fuch  an  accumulation  of  the 
eleclric  fluid  account  for  the  al- 
moft  inceffant  corrufcations  which 
enlighten  the  winters  of  Greenland 
and  other  polar  regions  ? 

I  give  you  the  preceding  theory, 
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as  having  this  additional  circum- 
fiance  in  its  favour,  That  it  is 
oppofed  by  no  electric  fa 61  with 
which  I  am  acquainted,  and  does 
not  appeal  to  any  principles  which 
you  have  not  admitted.  It  is.  a 
caufe,  moreover,  that  muji  produce 
fome  appearances  fimilar  to  thofe 
of  the  aurora  borealis.  But -whe- 
ther it  is  completely  adequate  to 
the  elucidation  of  the  peculiarities 
I  have  juft  fpecified,  can  be  de- 
termined only  by  future  investiga- 
tion and  experience. 

2dly,  There  are  ftriking  varie 
ties  in  the  colours  of  the  northern 
lights.  They  are  generally  a  mix- 
ture of  all  the  rays ;  but  fometimes 
they  are  of  a  very  deep  purple,  or 
perhaps  a  fine  red.     The  brilliancy 
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of  the  electric  fpark  and  of  light- 
ning depend  (if  my  obfervations 
on  the  light  of  electricity  have  any 
foundation  in  truth)  on  their  being 
concentrated,  as  it  were,  within 
very  confined  dimenfions,  and  on 
the  degree'  of  that  feparation  of 
parts  which  is  thus  produced.  In 
rarefied  air,  the  portion  of  the 
electric  fluid  is  much  divided  or 
extenuated?  and  therefore  the  ef- 
cape  of  the  light  cannot  be  very 
fplendid.  The  purple  colour,  I 
fhould  fuppofe  to  be  the  effect,  of  a 
very  faint  feparation  of  the  light.* 
When  the  red  appears,  I  fhould 
think  it  to  be  the  effect,  of  the 
light's  paffing  to  the  eye,  through 
fuch  a  medium  as  is  denfe  enough 
to  abforb  all  the  rays  but  the  red. 

*  Vid.  p.  228.  Vol.  I. 
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3d]y,  The  undulation  of  the 
northern  lights  is  evidently  anala- 
gous  to  the  zigzag  form  of  the 
fpark  or  flafh  ;  for  the  ftream  of 
fluid  in  its  paflage  would  not  be 
ftrait,  fave  where  the  conducting 
particles  lie  in  a  direction  perfectly 
ftrait,  which,  even  in  the  higher 
regions  of  our  atmofphere,  cannot 
always  take  place.  If,  therefore, 
they  mould  be  arranged  in  a  line,  in 
any  degree  curved,  the  fluid  will 
follow  this  line,  and  thus  affume 
the  waving  appearance  of  the  au- 
rora borealis.  The  flafhes  which 
attend  this  phcenomenon  are,  I 
think,  eafily  accounted  for.  Pro- 
vided the  rarity  of  any  two  me- 
diums be  the  fame,  I  have  already 
ihewn  that  they  yield  electric  light 
in    greater  or   lefs  abundance,  in 
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proportion  as  they  are  bad  or  good 
conductors.  The  heterogenous 
compofition  of  the  atmofphere  will 
juftify  the  opinion,  that  fome  parts 
of  it  conduct  more  than  others; 
the  fluid,  therefore,  in  paffing  thro' 
thefe,  will  aflfume  alternately  diffe- 
rent degrees  of  vividnefs  or  fplen 
dour.  I  would  obferve  to  you,, 
before  I  finifh  what  I  have  to  fay 
concerning  the  northern  lights,  that 
I  confider  all  attempts  to  determine 
their  height  as  vague,  and  all  theo- 
ries on  the  fubjeel:  as  very  extra- 
vagant. Nothing  is  clearer  than 
this,  That  any  portion  of  air  may 
be  made  luminous  by  the  eleclric 
fluid,  if  charged  with  a  certain  ad- 
ditional quantity;  and  on  the  other 
hand,  that  any  portion  of  the  elec- 
tric fluid  may  be  made  to  yield  its 
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light,  provided  the  rarity  of  the 
air  through  which  it  paffes  be  fuf- 
ficiently  attenuated.  Hence  two 
things  are  always  to  be  confidered, 
before  the  height  of  any  particu- 
lar aurora  borealis  can  be  deter- 
mined.— lft,  The  rarity  of  the  air 
in  which  it  exifts.  2dly,  The  por- 
tion of  fluid  that  paffes  through  the 
air;  for  it  is  evident  that  at  diffe- 
rent heights,  a  variety  in  thefe  cir- 
cumftances  may  produce  fimilar 
effects,  or  make  fome  aurorae  bo- 
reales  appear  within  one  hundred 
fathoms  of  the  earth  as  vivid  as 
others  appear  which  are  three  miles 
higher. 
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METEORS. 

If  what  appears  as  an  undu- 
lating flam  in  the  northern  lights 
could  be  concentrated,  or  confined 
within  fmaller  dimenfions,  I  have 
little  doubt  of  its  afluming  the  ap- 
pearance of  a  falling  flar. 

The  following  experiment  is  the 
fa£t  on  which  I  chiefly  ground  this 
opinion  : 

Into  a  tube,  forty-eight  inches 
long  and  three-fourths  of  an  inch 
in  diameter,  I  conveyed  as  much 
air  as,  under  the  common  preflure 
of  the  atmofphere,  would  fill  two 
inches  in  length  of  the  fame  tube. 
One  extremity  of  this  tube  I  con- 
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necled  by  good  conductors  with 
the  ground,  and  to  the  end  I  faf- 
tened  a  metallic  ball.  Through 
the  tube,  thus  filled  with  rarefied 
air,  I  lent  fparks  of  different  mag- 
nitudes, by  bringing  the  ball  within 
the  flriking  diftance  of  different 
fized  conductors.  When  the  fparks 
were  fmall,  a  flafh,  like  that  of  the 
aurora  borealis,  feemed  to  fill  the 
whole  tube.  When  the  fpark  was 
that  which  might  be  made  to  flrike 
through  ten  inches  in  the  open  air, 
it  appeared  to  ftrike  through  the 
whole  length  of  the  tube  with  all 
the  brilliancy  and  ftraitnefs  of  a 
falling  ftar.  If,  however,  I  ex- 
tracted part  of  this  air  out  of  the 
tube,  by  the  aid  of  the  air  pump, 
I  could  never  make  the  fluid  af- 
fume  any  form,   excepting  that  of 
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a  flafti.  But  by  exchanging  the 
tube  I  ufed,  for  another  with  a 
thermometrical  bore,  and  treating 
it  in  the  fame  manner  with  the 
preceding,  the  flafh  never  ap- 
peared; but  the  fluid,  in  its  paf- 
fage,  affumed  all  the  brilliancy  of 
a  falling  ftar. 

You  will,  I  think,  eafily  trace 
the  funilarity  of  circumftances  ob- 
vious in  this  experiment,  to  thofe 
of  the  phcenomenon  I  wifh  to  ac- 
count for.  Both  take  place  in  rare- 
fied air;  both  are  remarkable  for 
the  brightnefs  of  their  light,  and 
for  the  ftraitnefs  of  their  direction. 
That  falling  liars  are  frequently,  if 
not  always,  the  concentration  of 
an  aurora  borealis,  formed  in  the 
manner  I  have  defcribed,  may  be 
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inferred  moft  plaufibly  from  their 
being  the  conftant  attendants  of  a 
very  electrical  ftate  of  the  atmo- 
fphere,  and  from  their  frequent  ap- 
pearance near  that  portion  of  the 
heavens  which  is  illumined  by  the 
northern  lights  at  the  time  of  their 
appearance. 

In  a  very  early  ftage  of  my  elec- 
trical purfuits,  when  prejudice 
for  theory  could  not  influence 
my  mind  fo  far  as  to  make  me  fee 
events  which  did  not  happen,  or  to 
fee  them  otherwife  than  with  fome 
accuracy,  I  was  riding  towards 
Norwich  late  in  the  night,  when, 
to  the  N.  E.  of  the  town,  I  beheld 
a  fine  conical  ftream  of  the  aurora 
boreal  is.  The  whole  body,  every 
now  and    then,    flafhed    as    if   an 

vol.  11.  a  a 
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additional  quantity  of  the  fluid 
were  thrown  into  it.  At  the  very 
fame  inftant,  nearly,  I  perceived 
what  is  vulgarly  called  a  falling 
ftar  darting  from  its  vertex.  This 
appearance  I  obferved  twice  fuc- 
ceffively.  What  I  have  now  faid, 
however,  I  would  not  wifh  you 
to  confider  as  applying  more  ex- 
tenfively  than  to  one  kind  of 
meteors.  Philofophers  have  lately 
had  recourfe  to  electricity  for  the 
illuftration  of  other  phcenomena 
which  bear  the  fame  name,  but 
the  diverfities  of  whofe  circum- 
ftances  are  numerous  and  very 
confiderable. 

Dr.  Blagden  has  given  a  very 
minute  detail  of  particulars  relating 
to  a  remarkable  meteor  of  this  kind 
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which  appeared  Auguft  18th,  1783. 
This  meteor  was  defcribed  diffe- 
rently by  different  beholders;  but 
their  varieties  of  intelligence  Dr. 
B.  afcribes  chiefly  to  the  different 
directions  in  which  the  fpectators 
beheld  the  appearance.  All  de- 
fcribe  its  remarkable  brilliancy,  its 
train,  and  the  emiffion  of  fparks 
from  its  train,  which  feemed  in  a 
falling  direction.  The  courfe,  more- 
over, is  afcertained  by  general  con- 
fent,  and  accounts  have  been  re- 
ceived of  its  being  feen  as  far  to 
the  north  as  the  extremities  of 
Scotland,  and  as  far  to  the  fouth 
as  Nuits  in  Burgundy.  Dr.  Blag- 
den  computes,  from  the  obferva- 
tions  of  different  beholders,  that 
its  perpendicular  diftance  above 
the  furface  of  the  earth  mujl  have 
a  a  2 
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nearly  equalled  fixty  miles,  where 
the  atmofphere  is  30,000  times 
rarer  than  that  portion  of  it  which 
we  breathe.  Dr.  B.  adopts,  with 
fome  reluctance,  the  idea  that  a 
noife  attended  it,  and  that  this  noife 
was  contemporaneous  with  the  ap- 
pearance :  in  other  words,  that 
found  travelled  about  fifty  miles  in 
lefs  than  a  infant.  He  acknow- 
ledges that  all  philofophy  is  directly 
contrary  to  the  evidence  which 
authenticates  this  circumflance;  but 
he  has  not  told  us  why  the  evi- 
dence of  minds,  embarraffed  by 
furprize  and  diftorted  by  terror, 
fhould  be  regarded  in  preference 
to  the  whole  weight  of  philofophy. 

I    could  produce    evidences,  as 
refpcclable  as   thofe  which  Dr.  B. 
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relies  upon,  to  prove  that  the  heat 
attending  the  meteor  was  intole- 
rable. During  the  moment  of  its 
appearance,  I  knew  one  captain 
of  a  fhip,  who  fancied  the  heat  to 
be  fo  great,  that  he  actually  took 
off  his  coat  and  waiftcoat,  to  pre- 
vent himfelf  from  being  broiled. 

There  are,  I  think,  ftrong  ob- 
jections to  the  whole  of  that  appli- 
cation of  circumftances,  on  the  au- 
thority of  which  Di\  B.  has  em- 
ployed electricity  to  account  for 
this  phcenomenon  : 

lft,  He  fays  that  the  velocity  of 
the  meteor,  which  he  calculates  to 
have  moved  twenty  miles  in  a  mi- 
nute, is  exa£Uy  fimilar  to  the  velo- 
city of  elecrricity.  Now,  this  is 
a  a  3 
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faying  what  amounts  to  nothing, 
if  fome  evidences  be  not  previ- 
oufly  adduced  to  fhew  that  the 
electric  fluid  moved  neither  more 
nor  lefs  than  twenty  miles  in  a 
minute;  for  between  things  very 
great,  there  may  be  ftill  a  great 
difference,  and  though  the  motion 
of  twenty  miles  in  a  minute  be  con- 
fiderable,  it  may  ftill  be  nothing 
at  all,  compared  with  the  motion 
of  the  ele&ric  fluid.  I  faid,  it 
may  be  fo ;  1  might  have  faid,  it 
mujl  be  fo,  if  attention  is  to  be 
given  to  the  decifive  language  of 
experiment  as  well  as  theory  on 
this  fubjeft:.  Befides,  the  calcula- 
tion of  the  velocity  is  connected 
with  that  of  the  height.  If  Dr. 
Biagden  be  accurate  in  this  parti- 
cular,  1  will,   on  the  authority  of 
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my  own  experience,  aflert  that  it  is 
impoflible  to  give  the  electric  fluid 
the  brilliancy  of  a  meteor  in  air 
eighty  times  rarer  than  that  which 
we  breathe,  much  lefs  in  air  30,000 
times  rarer.  Even  in  a  confined 
tube,  I  have  found  this  impoflible; 
much  more  fhould  I  fuppofe  this 
to  be  the  cafe,  where  the  eleQric 
fluid  has  an  opportunity  to  expand 
itfelf  on  all  fides,  or  rather,  where 
I  fhould  expect,  that  a  given  por- 
tion of  it  would  be  fpread  over  a 
very  large  furface.  Again,  if  the 
hilling  noife,  afcribed  to  the  paf- 
fage  of  the  meteor,  were  that  of 
electricity,  it  could  not  have  come 
from  a  great  diftance,  for  its  found 
could  not  have  reached  far,  unlefs 
we  very  much  change  our  ideas  of 
its  acknowledged  fize.  The  whole 
a  a  4 
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difcharge  of  a  cloud  does  not  con- 
vey a  found  farther  than  the  dif- 
tance  of  twenty  miles;  but  if  the 
fluid,  in  its  pafTage,  flafhed  only, 
I  queftion  much  whether  the  leaft 
noife  could  be  heard.  What  then 
3re  we  to  think  of  the  hifling  of 
fuch  a  fmall  collection  of  the  fluid 
as  that  in  queftion,  at  the  diftance 
of  fifty  miles,  and  in  air  likewife  fo 
rare,  as,  agreeably  with  the  acknow- 
ledged principles  of  philofophy,  to 
be  incapable  of  communicating 
found  ? 

Great  ftrefs  is  laid  on  the  gene- 
ral direction  of  the  meteors  from 
the  north  or  north-weft  quarter  of 
the  heavens,  and  Dr.  Blagden  ac- 
cordingly informs  us,  that  "  He 
considers  them  as  maJJ'es  of  the  elec- 
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trie  fluid  repelled  or  burjling  from 
the  collected  body  of  it  in  the  north, 
and  when  they  return  from  thefouth^ 
he  regards  them  as  maffes  attracted 
towards  the  fame  accumulation'' 

In  this  paffage  a  great  number 
of  particulars  are  taken  for  granted, 
not  one  of  which  has  any  other 
bafis  than  that  of  conjecture. 

ill,  As  yet  we  have  feen  no- 
thing like  proof  that  the  phceno- 
menon  is  electrical. 

2d,  The  notion  that  there  is  a 
vaft  accumulation  of  the  fluid  in 
the  north,  is  a  mere  gambol  of 
Dr.  Franklin's  fancy,  indulged,  as 
might  be  very  eafily  fhewn,  in  op- 
pofition  to  all  his  former  opinions. 
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3d,  If  we  fhould  not  admit  what 
I  have-  faid  in  the  preceding  'Lec- 
tures, (to  mew  that  the  application 
of  a  repulfive  power  is  not  necef- 
fary  to  the  explanation  of  any  elec- 
trical appearances)  we  muft  ftill 
acknowledge  that  the  repelling 
principle  is  not  received  by  electri- 
cians on  the  authority  of  fafts  and 
evidences,  but  as  a  plaufible  effort 
of  the  fancy  to  folve  difficulties, 
which,  without  its  aid,  they  re- 
garded as  altogether  enigmatical. 

4th,  What  is  there  amidft  the 
known  fa6ls  or  avowed  hypothefes 
of  electricity,  to  juflify  the  fuppo- 
fition  that  a  fmall  body  of  the 
fluid,  fuch  as  the  meteor,  if  elec- 
trical, muft  have  been,  can  be  re- 
pelled with   a   force   fufHcient   to 
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conquer  the  refiftance  of  a  non- 
conducting medium  feveral  hun- 
dred miles  in  length  ? 

5th,  No  reafon  is  given  for  the 
activity  of  the  repulfive  power  in 
the  cafe  under  confideration. 

6th,  The  caufe  that  repels  in  a 
manner  fo  extraordinary  becomes 
an  attracting  caufe;  but  this  fan  eyed 
exchange  of  oppofite  characters  in 
the  fame  thing  is  not  accounted  for 
by  any  additional  conjecture. 

But  allowing  that  the  whole  of 
the  preceding  fpeculation  were  true, 
I  mould  ftill  doubt  whether  the 
neceffity  of  it  be  juftified  by  the 
nature  of  the  affigned  facl,  or  whe- 
ther   Dr.  Blagden  be  right  in  af- 
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ferting  that  meteors  generally  follow 
a  northern  direction.  I  have  had 
my  eyes  on  the  watch,  for  feveral 
years,  to  obferve  and  examine  thefe 
meteors.  That  which  appeared  in 
1783,  I  did  not  fee;  but  1  have 
enjoyed  a  full  view  of  three  dif- 
ferent meteors,  not  lefs  remark- 
able ;  their  fplendour,  their  train, 
and  the  rapidity  of  their  motion, 
anfwered  both  in  degree  and  cir- 
cumftance  to  the  defcription  given 
by  Dr.  Blagden :  of  thefe,  how- 
ever, the  motion  of  two  were  al- 
moft  dire&ly  from  weft  to  eaft, 
and  one  of  them,  though  it  fpread 
the  light  of  day  all  around  it,  dif- 
appeared  long  before  it  reached 
the  horizon. 
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EARTHQUAKES. 

Dr.  Prieftley,  in  his  firft  volume 
of  the  Hiftory  of  Electricity,  has 
given  a  full  account  of  Dr.  Stukeley 
and  Beccaria's  theories  of  earth- 
quakes ;  and  I  think,  that  to  a  cool 
inveftigator  of  truth,  thefe  theories 
muft  feem  to  vie  with  each  other 
chiefly  in  their  extravagance.  Dr. 
Stukeley's  endeavours  are  for  the 
moft  part  employed  in  conjuring 
up  difficulties  againft  the  fuppofi- 
tion,  that  thefe  convulfions  of  na- 
ture are  the  effects  of  fubterra- 
neous  vapours,  and  when  he  has 
demolifhed  this  fuppofition,  he  then 
takes  it  for  granted,  that  the  agency 
of  electricity  muft  be  immediately 
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acknowledged.  The  only  pofitive 
reafons  affigned  by  him  are  the  fol- 
lowing : 

ift,  Previously  to  the  appearance 
of  an  earthquake,  which  he  endea- 
vours to  account  for,  the  weather 
was  particularly  dry,  and  therefore 
very  fit  for  electricity.  But  elec- 
trical fymptoms  are  not  always  the 
attendants  of  dry  weather,  and  be- 
fore the  doctor's  arguments  can  be 
admitted,  he  mould  have  proved, 
from  proper  evidence,  that  figns 
of  electricity  were  actually  ob- 
ferved. 

2d,  Vegetation,  according  to 
Dr.  Stukeley,  is  provoked  by  elec- 
tricity, and  all  vegetables,  juft  be- 
fore the    great    earthquake    which 
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was  felt  in  London,  were  remark- 
ably forward.  But  is  vegetation 
provoked  by  nothing  befides  elec- 
tricity? Nay,  is  it  poflible  to  deny 
the  agency  of  numberlefs  other 
circumftances  in  producing  this  ef- 
fect; and  without  the  moft  decifive 
evidence  that  none  of  thefe  cir- 
cumftances operated  during  the 
time  in  queftion,  what  attention 
can  be  given  to  Dr.  Stukeley's  ar- 
gument ?  Befides,  this,  like  the 
preceding  argument,  when  allowed, 
only  fhews  the  probable  contem- 
poraneoufnefs  of  electricity  and 
earthquakes,  but  is  very  remote 
from  proving  that  the  one  is  caufed 
by  the  other. 

3d,  Remarkable  aurorae  boreales 
appeared  juft  before  the  earthquake 
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in  London,  and  fo  they  have  fince, 
without  the  attendance  of  an  earth- 
quake :  as  a  caufe  and  effecl;,  they 
are  therefore  by  no  means  neceffa- 
rily  connected. 

4th,  During  the  night  preceding 
the  earthquake,  the  air  was  full 
of  corrufcations;  fo  Dr.  Stukeley 
heard  from  thofe  who  were  up  at 
the  time.  But  the  corrufcations 
cannot  give  aid  to  his  theory,  un- 
lefs  we  prove  them  to  be  contem- 
poraneous with  the  fhock.  The 
contrary,  however,  happened  ;  for 
a  black  cloud,  he  fays,  covered 
the  atmofphere,  and  though  the 
earth  was  fhaken  by  a  moft  un- 
common difcharge  of  the  eleftxic 
fluid,  yet  no  light  feems  to  have 
been  obferved.       One  perfon,   in- 
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deed,  faid  that  a  remarkably  great, 
noife  was  heard  juft  before  the 
make,  which,  Dr.  Stukeley  fays, 
was  the  noife  of  the  fnap  previous 
to  the  fhock.  This  is  not  the  lan- 
guage of  an  electrician,  who  would 
in  the  prefent  cafe  have  endea- 
voured to  prove,  not  that  the 
noife  happened  juft  before,  but 
was  contemporaneous,  or  rather 
pofterior  to  the  convulfion.  Be- 
fides,  out  of  that  portion  of  a  mil- 
lion which  inhabit  London,  it  is 
remarkably  curious,  that  the  au- 
thority of  one  or  two  perfons  only 
mould  be  produced  for  the  exift- 
ence  of  a  noife,  which,  if  efti- 
mated  from  its  amazing  confe- 
quences,  fhould  have  awaked  half 
the  kingdom. 

VOL.    II.  fib 
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5th,  Dr.  Stukeley  fays,  that  a 
furface  of  earth,  meafuring  40,000 
miles,  was  affecled  at  the  fame  in- 
ftant.  He  obferves,  that  the  ana- 
logy between  this  circumftance  and 
the  inftantaneous  effect,  of  light- 
ning is  very  ftriking.  I  have  not 
yet  feen  the  evidence  neceffary  to 
eftablifh  the  facl;  he  appeals  to,  nor 
do  I  fee  the  analogy ;  for  the  pre- 
fent  hiftory  of  electricity  does  not 
furnifh  us  with  a  fingle  inftance  in 
which  the  difcharge  of  the  fluid  is 
attended  with  any  thing  approxi- 
mating to  the  extent  of  effecl:  which 
he  defcribes.  A  difcharge  of  one 
cloud  covering  a  great  part  of 
Europe,  would  be  a  trifle  to  it,  in 
the  concuflion  it  produced,  though 
I  believe  it  would  be  heard  and 
feen    rather    more    diftinclly   than 
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that  which   caufed   Dr.   Stukeley 's 
earthquake. 

6th,  The  neighbourhood  of  ri- 
vers and  eminences,  which  are  ob- 
vioufly  the  molt  likely  pafTages  for 
the  electric  fluid,  are  generally, 
according  to  Dr.  Stukeley,  thofe 
places  in  which  earthquakes  are 
moft  fenfibly  felt.  I  would  here 
anfwer,  that  concuffion  is  not  the 
ufual  effecl;  of  this  agent.  The 
noife  will  caufe  a  vibration  in  a 
houfe  which  is  thunder-ftruck  ;  but 
this  is  the  only  refemblance,  and 
is  fuch  a  faint  refemblance  as  not 
to  deferve  the  name  of  a  fimilarity  , 
to  that  tottering  undulation  of  an 
earthquake  which  has  frequently, 
at  the  fame  moment,  affected  Eu- 
rope, Afia,  and  part  of  America.  " 
b  b  2 
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The  laft  is  not  the  leaft  extraor- 
dinary of  Dr.  S.'s  arguments.  It 
fhews  how  affiduous  he  was  to  pro- 
cure props  for  his  theory,  and  how 
far  he  was  from  being  fqueamifh 
about  the  nature  of  what  he  fe- 
lefted.  Pains  in  the  back,  rheu- 
matic, hyfteric,  and  nervous  cafes, 
head-achs,  cholics,  &c.  were  felt 
a  day  or  two  before  the  earth- 
quake, juft  as  if  a  general  elec- 
trization of  the  human  fpecies  had 
taken  place. 

Dr.  Stukeley  does  not  fpecify 
the  mode  of  operation  by  which 
the  electric  fluid  produces  earth- 
quakes. The  boldnefs  of  an  Ita- 
lian philofopher  has  fupplied  this 
deficiency.  Beccaria  fuppofes  that 
a  vaft   body  of  the   electric   fluid 
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is  lodged  in  Come  deep  repofitory 
below  the  furface  of  the  earth, 
which,  when  it  burfts  into  the  air, 
will  necerTarily  be  attended  with 
all  the  Angularities  of  that  appear- 
ance which  he  means  to  illuftrate. 
His  argument  for  the  exiftence  of 
a  fubterraneous  electrical  mine  is 
derived  from  the  appearance  of 
electricity  at  the  time  of  a  vol- 
cano. But.  furely  the  change  pro- 
duced in  the  furrounding  atmo- 
fphere,  at  a  moment  in  which  it  is 
heated  to  a  molt  amazing  degree, 
when  it  is  loaded  with  vapours  like- 
wife,  and  when  its  various  circum- 
ftances  are  altogether  favourable 
to  decompofitions  and  new  com- 
binations, will  induce  the  probabi- 
lity of  caufes  lefs  profound  than 
thofe  fuppofed  by  Beccaria. 
3  b3 
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The  idea  that  volcanos  operate 
as  a  funnel  to  a  torrent  of  electric 
fluid,  gufhing  from  the  bowels  of 
the  earth,  is  followed  by  an  affer- 
tion,  that  lightning  is  always  at- 
tended by  fhakings  of  the  earth. 
I  have  already  obferved,  that  the 
noife  of  thunder,  like  every  other 
great  noife,  is  attended  by  a  vibra- 
tion of  fuch  parts  as  are  near  it; 
but  the  particular  effects,  attended 
to  by  Beccaria,  cannot  be  admitted 
'till  efcablimed  on  the  beft  hifto- 
rical  evidence,  the  refemblance  of 
which,  in  the  prefent  cafe,  I  have 
not  been  able  to  difcover.  But  I 
will  dwell  no  longer  on  the  parti- 
cular reafonings  of  particular  the- 
orifts,  concerning  the  analogy  be- 
tween the  electric  fluid  and  the 
caufe  of  earthquakes;   I  will  only 
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fay,  that  if  they  are  right  in  their 
conjectures,  they  are  certainly  very 
wrong  in  their  mode  of  fupporting 
them;  they  have  collected  all  the 
circumftances  which  they  thought 
favourable,  but  they  have  never 
fuppofed  the  poffibility  of  any  ob- 
jections to  their  theories. 

If  electricity  operates  in  the  pro- 
duction of  this  efTe6t,  it  rauit  either 
move  a  body  of  the  earth,  while  on 
its  paffage  to  the  furrounding  air, 
or  we  muff  fuppofe  the  electric 
fluid  to  be  pent  up,  and,  by  endea- 
vouring to  burft  its  prifon,  produce 
the  convulfions  of  an  earthquake. 
The  latter  fuppofition  is  fo  wild, 
as  fcarcely  to  deferve  any  atten- 
tion; the  exiflence  of  a  body  of 
the  electric  fluid  in  the  earth,  the 
b  b  4 
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circumftances  which  can  induce  it 
to  quit  its  torpid  Mate,  and,  finally, 
the  reafon  why  it  fhould  ever  burft 
fuddenly,  when  the  conducting  na- 
ture of  the  earth  might  carry  it  off 
filently,  are  circumftanccs  of  diffi- 
culty which  would  crufh  a  theory 
much  more  powerfully  fupported 
than  that  to  which  I  allude.  Let 
us,  therefore,  proceed  to  examine 
the  firft  fuppofition,  or  that  of  the 
fluid's  moving  a  body  of  the  earth 
in  its  paffage  to  the  furrounding 
air.  In  our  examination  of  this 
hypothecs,  we  (hall  experience  the 
fame  contrariety  to  eftablifhed  facts, 
whether  we  fuppofe  the  agitation 
of  the  earth  to  be  caufed  by  a 
hidden  or  by  a  gradual  difcharge 
of  the  fluid.  I  will  here  appeal  to 
an  experiment  to  which  I  have  be- 
fore referred. 
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If  you  fufpend  a  balance,  fo  de- 
licately as  to  be  turned  by  the  fif- 
tieth part  of  a  grain,  and  difcharge 
the  largeft  battery  through  one  ex- 
tremity of  it,  not  the  fmalleft  mo- 
tion is  perceived.  But  whether 
the  fluid  in  this  experiment  pais 
from,  or  flrike  to,  the  extremity  of 
the  wire,  makes  no  difference;  and, 
in  its  circumftances,  what  parti- 
cular is  there  which  is  not  unfa- 
vourable to  the  theory  in  que  (lion  ? 
the  balance  is  perfectly  free,  and 
yet  unmoved  by  the  greateft 
powers  of  electricity.  The  earth 
is  attached  to  a  vaft  body  of  adhe- 
five  matter,  and  yet  raifed  feveral 
inches  above  its  level,  by  an  agent 
which  difcovers  in  no  other  in- 
ftance  the  lead  fimilarity  of  ope- 
ration.     The   balance,    moreover, 
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is  clogged  by  no  weight  when  the 
electric  fluid  paries  through  it  with- 
out effect;  but,  according  to  the 
theory,  millions  and  millions  of 
tons  weight  are  raifed  by  the  very 
fame  caufe,  fome  feet  above  their 
natural  fituation. 

If  it  be  faid,  that  the  charge  of 
a  battery  is  nothing  compared 
with  the  charge  of  feveral  thoufand 
acres  of  air,  I  anfwer,  that  if  a  bat- 
tery produce  no  effeB  at  all,  the 
conclufion  is  very  fair,  that  10,000 
batteries  will  not  produce  any  ef- 
fect; for  nothing  multiplied  into 
a  million,  will  ftill  equal  nothing. 
But  if  we  admit  that  an  inftanta- 
neous  difcharge  of  the  electric  fluid 
cannot  be  the  caufe  of  earthquakes, 
let  us  fee  whether  the  fuppofition 
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of  its  palling  in  a  continued  tor- 
rent will  afford  greater  aid  to  the 
theory. 

The  balance,  which  could  not  be 
moved  by  the  fudden  difcharge,  is 
moft  certainly  moved  by  the  gra- 
dual emiffion  of  a  very  fmall  por- 
tion of  the  electric  fluid.  But  ob- 
ferve,  that  when  this  is  done,  it  is 
neceffary  that  the  furrounding  air 
mould  be  fo  ftrongly  electrified,  as 
to  erect,  the  hairs  of  the  head  and 
hands ;  every  metallic  point,  like- 
wife,  which  is  near  the  balance,  if 
viewed  in  the  dark,  appears  lumi- 
nous. But  none  of  thefe  effects 
have  been  obferved  by  the  thou- 
fands  who  were  fcattered  over  the 
furface  fuppofed  to  be  affected  by 
electricity,   during  the.  moment  of 
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an  earthquake.  You  will  take  no- 
tice, moreover,  that  a  few  grains 
weight  are  the  utmoft  which  artifi- 
cial electricity  can  produce  in  this 
manner;  and  if,  when  fo  fmall  an 
effect  is  caufed,  the  attendant  cir- 
cumftances  are  fo  remarkable,  how 
much  more  fo  mult  they  have 
been  when  a  torrent  of  electricity 
paffed  into  the  air  capable  of 
raifmg  millions  and  millions  of  tons 
weight  ? 

But,  again,  the  column  of  at- 
mofphere,  fufpended  over  the  fur- 
face  agitated  by  the  earthquake, 
can  poffefs  no  degree  of  attrac- 
tive power  adequate  to  the  raif- 
ing  fuch  a  weight.  Action  and 
re-action    are    equal ;    a    magnet, 
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and   a  piece  of  iron  of  the  fame 
weight,   will  meet  midway,  if  fuf- 
pended  in  air  at  a  certain  diftance 
from  each  other.     In  like  manner, 
if  an  electrified  body  and  a  feather 
be  fufpended,  both  will  be  moved ; 
but  the  fpaces  they  pafs   through 
will  be  inverfely  as  the  weights.    If 
the  electrified  body  were  a  pound, 
and  the  feather  a  few  grains,  it  is 
obvious  that  the  motion  of  the  for- 
mer would  be  imperceptibly  fmall. 
But  let  a  portion  of  the  atmofphere, 
covering    thoufands    of  miles,    be 
charged,    and    the    difference    be- 
tween its  weight  and  that    of  the 
earth,   which  is    agitated,   is  vaftly 
greater  than  that  fubfifting  between 
a  few  grains  and  a  pound  weight. 
You   are  further   to  obferve,   that 
in  the  one  cafe  the  feather  is  fuf- 
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pended  freely,  and  fo  is  the  elec- 
trified body ;  but  in  the  other,  the 
atmofphere  is  free  to  be  moved, 
and  the  body  of  earth  is  attached 
to  every  part  of  its  boundary  by 
a  very  extenfive  furface  of  adhe- 
five  matter. 

I  have  now  given  you  my  rea- 
fons  for  not  afcribing  earthquakes 
to  the  agency  of  electricity  :  my 
ideas  of  the  real  caufes  to  which 
this  phcenomenon  may  be  afcribed, 
I  mall  give  you  on  fome  future 
occafion. 
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RELATION  of  the  ELECTRIC  FLUID 


VEGETATION. 

That  a  power,  which  appears  to 
vary  with  every  minute  change  of 
weather,  and  of  courfe  with  all 
thofe  circumftances  which  contri- 
bute to  the  growth  and  maturity 
of  vegetable  life,  mould  itfelf  be 
active  in  producing  the  fame  ef- 
fect, is  an  opinion  which  occurs 
readily  and  plaufibly  to  every  phi- 
lofophical  enquirer.  It  was  formed 
and  fupported  by  electricians  in 
a  very  early  ftage  of  the  fcience, 
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and  at  prefent  it  is  amongft  the 
objects  of  their  bufiefl  purfuits 
and  inveftigations.  There  is,  how- 
ever, a  mortifying  difference  of 
magnitude  between  the  fuccefs  that 
has  followed,  and  the  time  and  la- 
bour that  have  been  employed  on 
this  fubjecl:.  We  are  fo  far  from 
afcertaining  the  various  degrees  of 
electric  influence,  to  which  dif- 
ferent vegetables  may  be  fubje&ed, 
we  are  fo  far,  likewife,  from  de- 
termining the  precife  circumftances 
which  might  caufe  fuch  a  variety 
of  influence,  that  we  are  frill  in 
doubt  whether  the  eleclric  fluid 
has  any^  or  even  the  leaft  fliare  in 
the  fyftem  of  vegetation. 

Mr.  Maimbray,  of    Edinburgh, 
and    the    Abbe   Nollet,    were    the 
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firft  who  profeffed  to  Irave  acce- 
lerated the  growth  of  plants  by 
electrifying  the  pots  of  earth  in 
which  they  grew.  They  have  been 
followed  by  Mr.  Achard,  of  Berlin, 
and  many  other  electricians,  all  of 
w7hom  have  agreed  in  the  refults  of 

o 

their  experiments;  nor  was  the 
leaft  fcepticifm  ever  prevalent 
about  the  fubjecl;,  till  Mr.  Swank- 
hardt  publifhed  the  facts  which  he 
had  learnt  from  Dr.  Insxnhoufz. 

Thefe  fa£h,  which  you  may  fee 
defcribed  in  Rozier's  Journal,  Vol. 
XXVII.  are  in  all  their  circum- 
ftances  directly  oppofite  to  the  opi- 
nions of  Nollet,  Achard,  &c.  for 
they  fhew  that  the  electric  fluid, 
applied  in  the  molt  unequivocal 
manner,  has  no  influence  on   the 

vol.  11.  c  c 
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nutrition    of    any    vegetable,    not 
even  on  the  fenfitive  plant  itfelf. 

Mr.  Duvernier  took  an  early 
opportunity  to  reprehend  the  fcep- 
ticifm  of  the  Dutch  philofophers. 
He  invited  them  to  Paris,  and  as  a 
reward  for  their  trouble,  he  pro- 
mifed  to  gratify  them  with  a  full 
and  occular  refutation  of  their  own 
errors,  by  mewing  them  the  expe- 
riments of  Mr.  le  Due.  He,  how- 
ever, preaches  to  them  a  lefTon  of 
modelty,  which,  in  his  opinion, 
they  feemed  to  want,  when  they 
oppofed  the  authority  of  certain 
great  names,  to  which  he  claims 
the  molt  implicit  confidence  and 
the  profoundeft  veneration. 

Dr.  Ingenhoufz  replied  to  the 
o!v;cclions    which,     from    various 
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quarters,  were  directed  againft  his 
friend  and  himfelf,  by  publifning 
an  account  of  a  very  minute  and 
laborious  repetition  of  his  former 
experiments,  the  refults  of  which 
had  confirmed  him  in  his  fcepti- 
cifm ;  but  inftead  of  doubting  the 
veracity  of  thofe,  whofe  reports 
were  different  from  his  own,  he  en- 
deavours to  account  for  their  mif- 
takes.  He  fuppofes  that  they 
would  naturally  place  the  un- 
charged veffel  at  a  diftance  from 
the  machine  which  they  ufed,  and 
that  fuch  a  diverfity  of  fituation 
and  expofure  to  light  would  be 
neceffarily  attended  with  a  diver- 
fity of  effe6h  He  confirmed  his 
fuppofition  by  experiments  made 
on  veffel s  in  different  fhades  in 
the  fame  room. 

c  c  2 
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Thpfe  who  combated  the  fcep 
ticifm  of  Dr.  Ingenhoufz,  had  re- 
courfe    for    arguments    to    natural" 
as  well  as  artificial  electricity.      In 
the  garden   of  a  Venetian  fenator, 
on  the  Brenta,  it  was  maintained* 
that    a   vegetable    planted    in    the 
ground,  penetrated  by   a  conduc- 
tor, had  rifen  to  a  height  and  fize 
much  greater  than  that  of  fimilar 
vegetables  planted  in  the   vicinity 
of  the    fame    conductor,    but   not 
near    enough     to     be    influenced 
by    the     fluid    which    might    have 
paffed  through    it.     No    abfurdity 
can    furpafs    that  of  an  appeal  to 
the  preceding  facl ;   for  if  the  elec- 
tric   fluid    paffed    into    the   ground 
through   the   conductor,   how    could 
it  influence  the  vegetable  ?     If  it 
paffed  out  of  the  ground  through,  the 
conductor,    the  fame   queftion   may 
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be  afked,  and  the  fame  impoffibility 
will  be  apparent,  of  the  vegetable's 
being  influenced  by  a  power  which 
is  carried  off  by  a  different  channel. 

Dr.    I.   to  complete  the  refuta- 
tion of  the  objection  I   have  jufl 
ftated,    laboured    through    a   long 
feries  of  experiments.     He  erected 
conductors    near   feveral    trees   in 
the   lame    garden ;    but    he    never 
found  that  any  one  of  thefe  grew 
quicker  or  higher  than  others,   in 
whofe  ci re um fiances  there  was   no 
difference  but  that  of  wanting  con- 
ductors.     Dr.    I,    made    an    iron 
cage,  whofe  extremities  were  points 
extending  into  the  atmofphere,  and 
connected  by  feveral  metallic  com- 
munications   with    a    confiderable 
piece  of  ground;   but   within    the 
c  c  3 


39^  LECTURES     ON 

limits  of  this  cage,  vegetation  was 
not  in  any  degree  more  flourifhing 
than  in  any  other  part  of  his  garden. 

Dr.  I.  ftrengthens  the  inference 
he  draws  from  his  experiments,  by 
obferving,  that  vegetation  is  weakefl 
when  aerial  eletlricity  is  Jlrongejl  ; 
and  confequently,  that  nature  va- 
ries in  this  inftance  from  its  gene- 
ral rules,  by  employing  a  power 
when  its  influence  is  lead  exten- 
five. 

Mr.  Van  Breda  repeated  feveral 
of  Dr.  I.'s  experiments,  and  found 
his  remits  to  be  uniformly  thofe 
which  his  friend  had  defcribed. 

Dr.  Carmoy  applied  himfelf  to 
the  fubjecl:  of  vegetable  electri- 
city; but  his  experiments  were 
profeffedly  made   in  a  way  differ- 
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ent  from  that  adopted  by  any  pre- 
ceding electrician.  He  attended 
with  great  feverity  to  the  poffible 
influence  of  light  and  temperature, 
and  according  to  his  report,  plants 
grow  better  in  negative  than  pofi- 
tive  electricity ;  but  he  maintains, 
that  foils,  impregnated  with  any 
electricity,  are  more  favourable  to 
vegetable  life,  than  thofe  that  are 
not  electrified.  Dr.  Carmov  is 
fupported  by  the  Abbe  d'Ormoy, 
whofe  experiments  are  very  nu- 
merous ;  they  are  made  on  a  va- 
riety of  feeds,  and  with  much  ap- 
parent attention  to  the  effects  of 
light,  temperature,  and  moifture. 
In  fome  inftances  he  has  difco- 
vered,  in  ten  days  time,  a  differ- 
ence of  ten  or  twelve  hours  be- 
tween the  firfl  appearance  of  plants 
c  c  4 
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that  grew  from  electrified,  and 
thofe  that  grew  from  unelectrified 
feeds.  He  prefents  his  reader  with 
a  long  table,  in  which  the  feveral 
varieties  of  dimenfions  are  given, 
which  reful ted  from  a  longer  or 
fhorter  application  of  the  electric 
fluid  to  different  plants. 

1  would  obferve,  that  the  remits 
of  the  Abbe  d'Ormoy's  experi- 
ments are  too  uniform  to  claim 
unreferved  confidence.  In  fome 
hundreds  of  experiments,  the  cir- 
cumftances  are  always  favourable 
to  his  fide  of  the  queftion ;  though 
in  the  experiments  of  all  former 
electricians,  who  are  advocates  for 
that  very  theory  which  he  fupports, 
the  anomalies  that  take  place  are 
finking  and  numerous.  Befides,. 
he  treats  all   doubts  about  the  in- 
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fluence  of  electricity  in  vegetation 
with  too  much  contempt,  and  his 
fervile  reverence  for  the  names 
which  he  prefents  as  favourable  to 
his  caufe,  is  not  very  favourable  to 
our  ideas  of  his  impartiality  as  an 
enquirer. 

I  feel,  however,  no  reluctance 
in  afTerting,  that  the  mode  of  ma- 
king experiments,  adopted  by  Dr. 
Carmoy  and  the  Abbe  d'Ormoy, 
and  by  all  thofe  whofe  labours  on 
the  fubject.  I  have  had  an  opportu- 
nity to  examine,  is  really  fuch, 
that  the  electric  fluid  cannot  pof- 
fibly  have  the  influence  they  pre- 
tend. When  I  have  attempted  to 
convey  the  electric  fluid  through  a 
green  vegetable,  I  have  conftantly 
found  that  it  would  pafs  over  the 
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furface,  rather  than  through  the 
body  or  capillary  tubes  of  the  ve- 
getable. This  preference  of  the 
fluid  is  peculiarly  obvious,  when 
dry  wood  is  ufed,  or  fuch  fub- 
ftances  as  preferved  feeds,  covered 
as  they  are  with  a  fibrous  coating, 
which  is  almoft  a  non-conduclor. 
But  obferve,  that  the  preceding 
experimentalifts  buried  their  feeds 
in  moift  earth,  whofe  conducting 
power  is  vaftly  greater  than  that  of 
the  feeds.  Nay,  fome  of  them 
were  abfurd  enough  to  envelope 
the  feeds  in  water,  or  to  wrap  them 
round  with  tin  foil,  as  if  the  care 
they  took  effectually  to  guard  them 
againft  the  influence  of  the  electric 
fluid  could  not  be  too  great. 

But  allowing  that,  in  oppofition 
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to  all  the  principles  of  the  fcience, 
fome  fmall  fhare  of  the  fluid  paffed 
through  the  feeds,  the  experimenta- 
Ufts  in  queftion  have  ingenioufly 
contrived  to  reduce  it,  ad  infini- 
tum ;  for  they  placed  the  feeds  in  a 
Leyden  phial  charged,  and  in  mod 
cafes  infulated.  If  the  infulation 
be  perfect,  the  electric  fluid  be- 
comes as  inactive  as  if  no  charge 
were  in  the  bottle.  How  then  is  it 
to  influence  the  vegetation  of  the 
feeds  ?  But  if  the  infulation  be  im- 
perfect., then  indeed  a  fmall  quan- 
tity of  the  fluid  is  in  motion;  a 
quantity,  I  fay,  fo  fmall,  that  if  as 
much  goes  through  the  feed  as 
through  an  equal  portion  of  the 
moift  earth  (which  is  impoflible)  it 
does  not  amount  to  an  infini- 
te flimal. 
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But  I  will  detain  you  no  longer 
upon  the  raoft  erroneous  and  un- 
fcientific  feries  of  efforts  which 
ever  burthened  or  difgraced  phi- 
lofophy.  In  my  opinion,  Dr.  I.'s 
fcepticifm  is  not  in  the  lead  invali- 
dated, and  every  principle  of  elec- 
tricity is  ftrong  in  favour  of  the 
truth  of  his  experiments.  He  does 
not  pretend  to  fay  that  the  electric 
fluid  is  altogether  incapable  of  in- 
fluencing the  growth  of  vegetables; 
all  he  afferts,  is  the  infufBciency  of 
every  known  facr.  to  prove  the 
contrary.  The  power  of  irritating 
belongs  to  the  electric  fluid,  and 
could  it  be  conveyed  through  the 
capillary  canals  of  the  young  vege- 
table in  the  feed,  it  might  forward 
its  maturity;  but  as  yet  we  have 
not    found    the   method    of    doing 
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this,  nor  do  we  know  whether  there 
is  anyfecret  conducting  principle  to 
anfwer  fuch  a  purpofe  amidft  all 
the  unfavourable  circumftances  of 
a  moift  foil  and  furface,  which, 
without  the  aid  of  a  principle  hi- 
therto undifcovered,  muft  give  an 
eafier  paffage  to  the  fluid,  than 
can  be  afforded  by  the  fub fiance 
of  the  feed. 
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RELATION    OF    THE     ELECTRIC     FLUID 
TO    ANIMAL    LIFE. 


Two  views  may  be  taken  of  this 
fubject.:  lft,  That  of  the  electric 
fluid's  influence  in  forwarding  the 
propagation  of  life.  2d,  That  of 
its  influence  in  aiding  or  perform- 
ing the  functions  of  the  animal 
ceconomy. 

ill.  The  queftion  concerning 
the  influence  of  electricity  in  for- 
warding the  propagation  of  life,  is 
in  the  fame  undecided  ftate  with 
that  of  the  queftion  concerning  its 
influence  on  vegetation. 

Mr.  A  chard  expofed  a  number  of 
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eggs  in  the  hatching  heat  to  a  tor- 
rent of  ele&ric  fparks  for  feveral 
days  fucceffively ;  when  this  procefs 
ended,  the  embryos  were  found 
dead.  A  German  Prince  repeated 
Mr.  A  chard's  experiment,  and  af- 
ferted,  that  after  he  had  continued 
four  eggs  for  nine  days  in  an  elec- 
trified ftate,  they  were  hatched 
thirty-fix  hours  fooner  than  four 
other  eggs,  which  during  the  fame 
time  had  been  fitten  upon  by  a 
hen.  But  the  whole  of  the  opera- 
tion is  defcribed  fo  (lovenly,  and 
managed  with  fuch  fovereign  dif- 
regard  to  all  diverfities  of  circum- 
ftances,  that,  if  it  had  not  received 
the  fanclion  of  royal  authority,  it 
would  have  deferved  but  a  fmall 
portion  of  refpecl. 
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Mr.  A  chard,  when  he.  directed 
his  attention  to  the  connexion  of 
electricity  and  vegetation,  renewed 
his  experiments  on  this  fubjeft. 
He  placed  a  certain  number  of 
the  eggs  of  a  filk-worm  in  a  Leyden 
phial,  which  was  kept  in  a  hatching 
heat.  At  the  fame  time  an  equal 
number  of  eggs  were  expofed  to 
the  fame  heat,  but  not  to  the  in- 
fluence of  the  electric  fluid.  The 
former  were  hatched  two  days 
fooner  than  the  latter.  We  are 
not  told  that  the  experiment  was 
repeated ;  the  fuppofition,  there- 
fore, that  an  accidental  circum- 
ftance  might  have  interfered,  is 
ftrong  againft  the  certainty  of  the 
refult. 

I   would  likewife   obferve,    that 
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all  the  objections  I  have  made  to 
the  procefTes,  by  which  the  influ- 
ence of  the  electric  fluid  on  vege- 
tables was  tried,  may  be  applied  with 
greater  force  to  the  preceding  facts; 
for  it  is  impoffible  that  any  fparks, 
or  any  portion  of  a  charge,  can 
pafs  through  the  fheli  of  an  egg 
without  breaking  it. 

2d,  One  of  the  mod  brilliant 
difcoveries  of  electricity,  is  that  of 
the  activity  of  the  fluid,  in  carrying 
on  the  functions  of  animal  life. 

The  inflances  are  three,  in 
which  it  is  employed  as  an  inftru- 
ment  in  the  nutritive  ceconomy; 
I  mean  thofe  of  the  torpedo,  the 
gymnotus  electricus,  and  the  par- 
ticular fTfh,  which  Lieutenant   Pat- 

vol.   11.  n  d 
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terfon  defcribes  in  part  the  fecond 
of  the  76th  volume  of  the  Philofo- 
phical  Tranfa&ions.  Mr.  Walfh 
proved  that  the  powers  of  the  tor- 
pedo, like  thofe  of  the  Leyden 
phial,  might  be  extended  to  any 
diftance  through  a  medium  of  con- 
dueling  fubftances,  and  that  thofe 
interruptions,  which  Hopped  the 
difcharge  of  an  electrical  accumu- 
lation, had  the  fame  effect  on  the 
torpedinous  influence;  but,  as  his 
experiments  were  made  on  a  fpe- 
cies  of  fifh,  whofe  power  has  not 
yet  been  found  fufficient  to  over- 
come the  refinance  of  the  leaft  por- 
tion of  air,  Mr.  Walfh  could  not 
eftablifh  his  theory  by  a  difplay  of 
eleclric  light. 

Mr.    Henlv   was  determined  by 
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this  circum (lance  to  doubt  the 
truth  of  the  difcovery,  and  was 
confirmed  in  his  fcepticifm  by  the 
fuppofed  impoffibility  of  collecting 
any  quantity  of  the  fluid  in  water. 
Mr.  Cavendifh  has  publifhed  a 
complete  refutation  of  thefe  objec- 
tions, in  the  64th  volume  of  the 
Philofophical  Transactions ;  and  in 
the  following  year  a  gymnotus 
electricus  was  brought  to  London, 
whofe  powers  were  adequate  to 
the  diflipation  of  Mr.  Henlev's 
doubts.  This  fifli  conveyed  its 
fhock  through  a  fmall  interval  of 
air,  and  in  this  part  of  the  circuit  a 
fpark  of  light,  the  only  required 
evidence,  was  made  to  appear. 

The.  degrees  of  the  power  in  dif- 
ferent individuals  of  the  fame  fpe- 
d  d  2 
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cies  of  electrical   fifh    mult    vary 
with  their  fize. 

The  difcharge  of  the  electric 
fluid  is  the  means  by  which  their 
food  is  procured ;  but  as  the  crea- 
ture becomes  larger,  fo  do  the  de- 
mands of  its  hunger  increafe,  and 
the  fize  of  its  prey,  and  confe- 
quently  the  power  neceffary  to 
deftroy  that  prey.  We  hence 
meet  with  great  varieties  in  thofe 
defcriptions  of  this  fifh,  which  have 
been  publiflied  by  different  natural 
hiftorians.  Their  accounts  of  its 
effects  vary  gradually,  from  a  re- 
presentation of  it  as  a  feeble  be- 
numbing influence,  to  that  which 
magnifies  it  as  adequate  to  the  de- 
{Iruftion  of  limbs  and  life  itfelf. 
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From  the  hi  (lory  of  the  gymno- 
tus  ele8ricus,  given  by  Drs.  Wil- 
liam Ton  and  Garner,  in  the  65th 
vol.  of  the  Philofophical  Tranf- 
a&ions,  we  learn,  that  the  fame  in- 
dividual fifh  has  the  faculty  of  va- 
rying its  power  with  the  fize  of  its 
prey,  but  that  this  power  depends 
much  on  the  fize  of  the  fifh.  That 
which  Dr.  Williamfon  faw,  was 
three  feet  five  inches  long.  It 
killed  a  cat-fifh,  one  inch  and  a 
half  thick.  But  according  to  the 
reports  of  thofe  who  have  lived  in 
Surinam,  there  are  fome  of  the 
gymnoti  twenty  feet  long,  whofe 
ftroke  is  attended  with  inftant  death 
to  the  human  being. 

Of  the  powers  belonging  to  the 
flfli  defcribed  by   Lieutenant   Pat- 
Dd3 
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terfon,  we  know  little ;  that  which 
he  examined  was  feven  inches  long, 
and  two  and  a  half  wide,  and  not- 
withstanding it  was  thus  fmall,  the 
fhock  he  felt,  when  he  held  it  in  his 
hand,  was  fo  fevere,  that  it  obliged 
him  to  quit  his  grafp. 

Mr.  John  Hunter  introduces  his 
anatomical  description  of  the  gym- 
notus  with  an  obfervation  fo  extra- 
ordinary that  I  cannot  help  calling 
your  attention  to  it.  "  This  ani- 
mal (he  fays)  confifts  of  two  parts, 
viz.  the  common  animal  part,  and 
a  part  which  is  fuperadded,  or  the 
peculiar  organ,  which  (he  adds) 
does  not  belong  to  the  animal  ©eco- 
nomy of  the  fifh."  He  might,  with 
equal  propriety,  have  faid  that  the 
jaws,   the  teeth,   and  the  claws  of 


ELECTRICITY.  407 

the  lion  or  tiger  do  not  belong  to 
their  animal  ceconomy,  or  that 
they  are  fuperadded  parts;  for  thefe 
parts  are  to  the  lion,  Sec.  what  the 
electrical  organ  is  to  the  gymnotus. 
The  circumftances  in  which  the 
former  are  placed,  require  that  they 
fhould  have  teeth,  claws,  and  all 
their  attendant  mufcular  powers,  to 
catch  their  prey ;  thofe  of  the  latter 
require  that  the  means,  intended  for 
the  fame  purpofe,  mould  be  an  ap- 
paratus which  collects  and  difchar- 
ges  the  electric  fluid. 

To  determine  the  peculiarity  of 
circumftances,  which  prefcribed 
the  preceding  peculiarity  of  organi- 
zation, belongs  to  the  philofophy 
of  natural  hiftory.  I  cannot  help, 
however,  obferving  that  the  gymno- 
d  d  4 
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tus  and  torpedo  are  able  to  take  in 
fo  final  1  a  portion  of  prey  by  one 
effort  at  the  mouth,  and  that  their 
motion  is  fo  flow  as  to  require  the 
aid  of  fome  inftrument,  which 
would  be  fatal  at  a  diftance,  and 
would  altogether  deftroy  before 
they  begin  to  feed.  This  operation 
likewife,  fimilarly  to  the  venomous 
organs  of  ferpents,  may  have  a 
connexion  with  the  power  of  the 
gaftric  juice,  or  the  peculiar  degree 
of  digeftive  faculty  which  belongs 
to  the  animal. 

Two  things  remain  to  be  confi- 
dered;  ill,  The  mode  of  operation 
by  which  the  effect  is  produced. 
2d,  The  peculiarities  of  effecl 
which  depend  upon  the  peculiarity 
of  the  mode  of  operation. 
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ift,  It  is  evident  that  the  fliock 
is  conveyed  by  making  the  water 
the  difcharging  medium  between 
two  parts  of  the  body,  which  are  in 
oppoiite  Hates,  and  it  is  clear,  from 
Mr.  Hunter's  diflection,  that  there 
are  two  diftinct  organs  concerned  in 
the  operation.  We  may  prefume, 
therefore,  that  one  of  thefe  organs 
accumulates,  while  the  other  lofes 
a  portion  of  the  fluid,  or  becomes 
negative.  I  can,  likewife,  eafily 
conceive  that  thefe  oppofite  effects 
may  be  produced  by  a  fudden  flow 
of  any  circulating  fluid  into  one 
organ,  while  a  contemporaneous, 
but  an  equal  evacuation  takes 
place  in  the  other.  When  this 
procefs  is  completed,  a  fubfequent 
filling  of  the  empty,  and  evacuation 
of  the  full  organ,  by  removing  the 
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caufe,  will  produce  the  difcharge  ot 
the  accumulation. 

I  have  recurred  with  frequency 
to  the  principle  on  which  the  pre- 
ceding explanation  is  founded. 
Any  extenfive  contact  of  two  diffe- 
rent bodies  mult  caufe  a  change  of 
attractive  force,  and  in  the  cafe  of 
electrical  fifties,  this  may  be  effect- 
ed, not  merely  by  a  fudden  flow 
of  blood  or  any  other  circulating 
fluid  into  a  certain  part  of  the  ani- 
mal organization,  but  by  a  fudden 
condenfation  of  the  parts  in  one  or- 
gan, and  an  equal  and  contempora- 
neous rarefaction  in  the  other. 

You  will  obferve  that  I  have 
fpecified  two  modes  of  operation, 
but  which  of  them  prevails  in  the 
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gymnotus  and  torpedo,  cannot  be 
determined;  for  Mr.  Hunter  has 
not  defcribed  the  texture  of  the  or- 
gans with  a  fulnefs  adequate  to 
fuch  a  decifion.  He  fimply  ftates, 
that  they  are  compofed  of  fepta 
and  membranous  intervals.  The 
fepta  he  defcribes  as  walls  or  hut- 
ments for  the  membranous  inter- 
vals ;  but  he  does  not  fay  whether 
the  membranous  intervals  are  vaf- 
cular  or  otherwife,  nor  does  he  feem 
to  have  examined  their  tenfion  or 
capability  of  being  made  to  occupy 
greater  or  lefs  room  by  certain  ex- 
ertions of  the  animal. 

Let  us,  however,  fuppofe  that  by 
either  of  the  defcribed  changes  an 
accumulation  has  taken  place; 
this     quefiion    will    then     immedi- 
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ately  occur.  How  is  the  charge 
prevented  from  palling  through  the 
body  of  the  animal  to  the  corre- 
ipondent  negative?  I  would  anfwer, 
that  a  ftratum  of  adipofe  fubftance, 
lying  between  the  two  organs, 
would  be  fully  adequate  to  fuch  a 
purpofe;  for  the  non-conducting 
property  of  the  oily  particles  would 
preferve  any  accumulation,  till  dif- 
pofed  of  by  the  wants  of  the  fifli. 

From  Mr.  Hunter's  direction  it 
is  clear,  that  a  confiderable  parti- 
tion of  fatty  fubftance  feparates  the 
organs,  whofe  conducting  or  mem- 
branous parts,  difperfed  through 
the  oil,  muft  be  fo  fmall  in  dimen- 
fions  as  to  take  away  but  little 
from  the  fudden  accumulation 
made  by  the  animal ;    this  is  clear 
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from  our  experiments  on  water  and 
other  bodies,  which  are  better  con- 
ductors than  membrane,  but  which, 
when  difperfed  through  capillary 
tubes,  become  incapable  of  con- 
veying the  fhock. 

The  peculiar  mode  of  operation 
which  I  have  defcribed,  will  fuggeft 
to  us  what  I  have  represented  in 
the  prefent  cafe  as  the  fecond  ob- 
ject of  confideration,  or  thofe  pe- 
culiarities of  effecl;  which  depend 
on  the  mode  of  operation,  and  to 
which  there  are  (Inking  fimilarities 
in  the  hiftory  of  the  electrical  Jfifhes. 
When  I  attempted  to  charge  two 
furfaces,  which  were  divided  from 
each  other  by  a  ftratum  of  oil,  I 
could  procure  no  fhock,  unlefs  the 
difcharge  was  made  while  the  ac- 
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cumulation  was  continued,  or  while 
it  was  preferred  by  fucceflive  ad- 
ditions of  the  fluid,  or  by  the  leaft 
interruption  in  the  ftream  that  fup- 
plied  the  furfaces,  the  collected 
quantity  was  immediately  difperfed, 
owing  to  the  imperfect  infulation 
of  the  oil.  Indeed,  the  higheft 
charge  produced  in  thefe  circum- 
ftances  was  very  trifling ;  but  thefe 
circumftances  very  nearly  refemble 
thofe  of  the  electrical  organs  of 
the  fiffi,  and  we  accordingly  find 
that  their  charges  and  difcharges 
are  fo  contemporaneous,  that  fe- 
veral  of  them  are  made  within  the 
minute. 

We  find,  moreover,  that  their 
greateft  height  of  charge  is  fcarcely 
able  to  penetrate  the  leaft  interval 
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of  air.  This  is  the  peculiarity 
that  determined  nature  in  giving  its 
peculiar  fize  to  the  organs;  for 
there  is  no  other  method  of  making 
a  low  charge  powerful,  than  that  of 
fpreading  it  over  a  very  extenfive 
furface.  By  multiplying  the  num- 
ber of  jars  in  a  battery,  a  charge 
may  be  obtained,  fufficient  to  melt 
a  confiderable  quantity  of  wire, 
and  yet  not  able  to  penetrate  thro1 
one -eighth  of  an  inch  of  air.  Na- 
ture, confequently,  has  fupplied 
the  torpedo  and  gymnotus  with 
their  requifite  force,  by  giving  a 
molt  extenfive  furface  to  the  part 
in  which  they  collect  the  charge, 
and  as  they  refide  conflantly  in 
water,  there  can  be  no  combina- 
tion of  circuinftances  in  which  a 
charge,  fufficient  to  conquer  a  great 
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refinance  of  air,  would  be  necef- 
fary  to  their  wants. 

In  confequence  of  the  fa£ts  we 
have  jufl  defcribed  and  endea- 
voured to  explain,  it  was  fairly  in- 
ferred, that  if  the  electric  fluid 
could  be  employed  in  the  animal 
fyftem,  and  exerted  to  a  degree 
capable  of  fuch  power  as  that  ex- 
ercifed  by  the  torpedo  and  the 
gymnotus,  then  the  probability  was 
confiderable,  of  its  frequent  acti- 
vity amongft  the  numerous  expe- 
dients which  muft  belong  to  the 
complicate  ftruclures  of  all  orga- 
nized matter.  Indeed,  the  difco- 
very  of  Mr.  Walfh  was  received 
like  the  introduction  of  a  new  prin- 
ciple into  natural  philofophy,  the 
poffible  extent   of  whofe  applica- 
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lion  was  regarded  as  boundlefs. 
It  gave  birth  to  fome  of  the  boldeft 
conje&ures,  and  there  were  few 
phyfiologifts  who  did  not  confider 
it  as  promifing  a  fpeedy  develope- 
ment  of  every  my  fiery  belonging 
to  the  nervous  influence  and  muf- 
cular  contraction.  Fancyful,  how- 
ever, as  the  fpeculations  feemed 
to  be  in  the  opinions  of  fome  phi- 
lofophers,  they  have,  notwithstand- 
ing, been  very  much  countenanced 
by  the  experiments  of  Signor 
Galvani. 

I  will  give  you  a  brief  account 
of  the  facts  which  he  has  difco- 
vered,  and  of  others,  which  are 
merely  the  refults  of  repeating  his 
proceffes  with  fome  variation. 

vol.   ii.  e  e 
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A  fuperficial  recollection,  how- 
ever, is  previoufly  neceffary,  of 
the  general  diftribution  of  the 
nerves.  The  fources  from  which 
all  of  them  originate,  are  cavities 
of  the  head  and  of  the  back-bone; 
through  certain  perforations  in 
thefe,  "  they  pafs  in  various  direc- 
tions towards  the  different  parts  of 
the  animal  ftructiire.  Of  their  firfi 
and  great  ramifications,  feveral 
have  no  connexion,  otherwife  than 
by  the  common  trunk  from  which 
all  fpring;  and  when  each  great 
ramification  is  divided  into  hun- 
dreds that  are  fmaller,  and  thefe 
fmaller  ones  again  into  thoufands 
that  are  more  minute,  the  fame 
characreriftic  is  ftill  obfervable. 
By  following  their  courfe  backward 
from  that   ftate  in  which  thev  are 
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fcarcely  vifible  by  the  eye,  you  will 
find  that  any  influence,  directed  ac- 
cording to  this  courfe,  would  pafs 
by  myriads  of  nervous  ramifica- 
tions without  entering  them. 

Let  us  now  fuppofe  that  the 
nerves,  diftributed  as  I  have  now 
defcribed,  are  partial  conductors 
of  the  ele£tric  fluid,  whofe  pro- 
perty it  is  to  irritate  or  to  increafe 
their  powers  of  action ;  the  con- 
fequences  muft  be  the  following  : 

lft,  The  electric  fluid,  in  its 
paffage,  will  operate  on  thofe 
nerves  only  which  form  a  circuit, 
and  the  action  which  expreffes  it- 
felf  by  contracting  the  mufcles 
which  the  nerves  enter,  will  not  af- 
fect a  great  number  of  other  nerves 
e  e  2 
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which  are,  as  it  were,  ramifications 
of  ramifications.  If  a  ftrong  fpark 
be  received  at  the  elbow,  and  con- 
veyed to  the  little  finger,  the  con- 
traction will  not  affect  the  other 
fingers.  If  the  fpark  be  conveyed 
into  the  fpine,  and  the  metallic 
fubftance  which  is  to  convey  it 
out  of  the  fyftem  be  applied  to  one 
leg,   that  leg  only  will  be  fhaken. 

2d,  Let  us  fuppofe,  that  inftead 
of  applying  artificial  electricity  to 
the  nerves,  a  quantity  of  it  were 
collected,  or  a  pofitive  charge 
formed  by  a  certain  alteration  of 
circumftances,  at  the  extremity  of 
a  nerve,  or  any  given  part  of  it;  a 
contraction  would  neceffarily  take 
place  along  the  whole  extent  of 
ihe  nerve  or  nerves    forming  the 
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circuit  through  which  the  charge 
paffed  to  its  correfpondent  nega- 
tive. 

Signor  Galvani  has  difcovered 
that  fuch  an  accumulation  is  made 
by  applying  the  furfaces  of  metals 
to  thofe  of  certain  animal  fub- 
ftances,  and  that  this  accumulation 
is  again  difcharged  by  forming  a 
communication  with  the  fame,  but 
more  powerfully  with  a  different 
metallic  fubftance  between  thofe 
ramifications  of  the  nerves  which 
"are  neareit  the  metallic  furface, 
and  other  ramifications  which  are 
more  diftant  parts  of  the  fame 
nerve. 

The  contraction  which  is  the  ef- 
fect,  of   the    foregoing   procefs   is 
F.e  3 
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belt  produced  by  applying  gold, 
filver,  or  tin,  to  the  animal  Jub- 
ilance, and  by  forming  the  com- 
munication with  zinc.  That  the 
contraction  is  caufed  by  the  elec- 
tric fluid,  is  proved  by  applying 
Mr.  Bennet's  eleclrofcope  as  a  teft. 
If  the  fpine  of  a  frog  and  the  nerves 
of  one  of  its  feet  be  laid  bare,  by- 
placing  a  piece  of  tin  on  the  one, 
and  connecting  it  by  a  piece  of 
zinc  with  the  other  part,  the  whole 
leg  is  inftantly  contracted. 

If  the  preceding  experiment  be 
made  on  the  limb  of  a  dead  frog, 
the  application  of  the  metals,  as 
directed,  will  give  it  all  the  feeming 
convulfions  of  life;  the  increafed 
irritability,  however,  caufed  by  this 
procefs,  is  fuppofed  to  be  mod  de- 
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cHively  fliewn  by  the  following 
fa&  :  —  Place  a  half-crown  piece 
under  your  tongue,  and  a  piece 
of  zinc  upon  your  tongue ;  then 
bring  them,  while  in  this  fituation, 
into  contacl:,  and  you  will  inftantly 
perceive  a  difagreeablenefs  of  taile, 
which  is  afcribed  to  the  increafed 
aclion  of  thofe  nerves  on  which 
that  fenfe  depends.  If  the  tongue 
be  cloathed  with  tin  foil,  and  a 
piece  of  filver  be  introduced  within 
the  noftril,  by  forming  a  metallic 
communication  between  the  tin  and 
the  filver,  provided  the  operator 
be  in  the  dark,  and  his  eyes  kept 
clofed,  a  luminous  flam  will  feem 
to  fpread  over  his  eyes,  which  is  af- 
cribed to  the  activity  of  the  ele&ric 
fluid  in  its  paffage  over  fome  rami- 
fications of  the  optic  nerve. 
e  e  4 
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The  difficulties  are  great  which 
embarrafs  our  attempts  to  account 
for  the  preceding  fa&s,  and  for 
the  feveral  varieties  of  appearance 
which  have  been  found  to  attend 
certain  diverfifi  cations  of  their  cir- 
cumftanees.  They  are  fuppofed, 
amongft  other  Angularities,  to  pre- 
fent  us  with  a  cafe  in  which  the 
electric  fluid  is  collefted  and  ren- 
dered aclive  by  a  caufe  hitherto 
undifcovered.  Some  philofophers 
have  afcribed  the  whole  to  "  a  pe- 
culiar but  undefined  power  which 
belongs  to  the  nerves,  and  which 
they  poffefs,  and  exercife  while 
forming  a  part  of  the  living  body, 
fo  as  by  its  means  to  produce  all 
the  phcenomena  of  nervous  influ- 
ence and  mufcular  motion." — We 
gain  nothing  by  acceding  to    this 
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indeterminate  and  hypothetical  lan- 
guage :  it  does  not  anfwer  one  out 
of  the  numerous  queftions  which 
arife  from  the  fa&s  it  is  meant  to 
explain;  it  leaves  us  altogether  in 
the  dark  about  the  neceffity  of  ap- 
plying metal  before  the  nerves  are 
affected,  and  more  particularly 
about  the  confequence  of  forming 
the  circuit  with  one  metal,  while 
the  electricity  is  produced  by  ano- 
ther. I  would,  however,  obferve 
that  the  nerves  do  not  feem  to 
have  any  concern  in  the  firft  ex- 
citation of  the  fluid ;  for  if  a  piece 
of  flefh  be  placed  between  the 
nerves  and  the  tin  foil,  or  if  the 
tin  be  placed  on  water  in  contact, 
with  the  nerves,  the  appearances 
are  as  decifive  as  when  the  tin  is 
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immediately  applied  to  the  nerves* 
themfelves. 


It- is  well  known  that  the  pref- 
fure  or  clofe  contact  of  any  two 
different  bodies  will  be  attended 
with  iigns  of  electricity.  The  eva- 
poration of  a  fingle  drop  of  water; 
the  application  of  a  piece  of  cloth, 
not  exceeding  one  inch  fquare  in 
dimenfions,  to  the  furface  either 
of  an  electric  or  non-electric ;  the 
blowing  of  a  few  particles  of  duft 
againft  a  metallic  ball :  all  thefe  in- 
confiderable  changes  of  circum- 
ftances  are  fources  of  electricity. 
But  if  caufes,  apparently  fo  trifling 
in   their   influence,    are    attended 

*   Vid.  Monro's  Exp.  on  the  New  Syflem, 
p.  24.     Pneftley's  Heads  of  Lectures,  p.  166. 
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with  effects  fo  decifive,  why  may 
not  the  application  of  tin  foil,  or 
any  other  metallic  furface,  to  a 
flefhy  fubftance,  be  attended  with 
fimilar  effects  ?  The  caufe  is  ex- 
actly the  fame  in  all  the  inftances 
I  have  fpecifled;  and  if  it  be  ad- 
mitted in  the  laft,  or  in  the  cafe 
in  queftion,  as  fufficiently  power- 
ful to  produce  electricity,  our  dif- 
ficulties will  be  reduced  to  that  of 
affigning  the  particular  mode  of  its 
action.  I  would  not  prefume  to 
affert  what  the  mode  is,  I  would 
only  aik  whether  it  may  not  be  the 
following : 

When  the  tin  foil  is  applied  to 
the  nerves,  or  the  adjoining  flefhy 
fubftance,    an   increafed    or   dimi- 


428  LECTURES    ON 

nifhed  attractive  force  brings  to 
the  points  of  contact,  or  feparates 
from  them,  a  certain  portion  of  the 
electric  fluid,  which  is  either  taken 
from  or  conducted  away  by  the  ad- 
joining bodies. 

1  fuppofe  the  cafe  I  have  defcri- 
bed  to  be  exactly  fimilar  to  that  of 
the  following  experiment.— Place 
a  fheet  of  dry  paper,  heated  fo  as 
to  be  fcarcely  tolerable  to  the  hand, 
on  an  infulated  metallic  plate  -,  then 
rub  its  furface  with  a  piece  of  In- 
dian rubber :  in  a  few  feconds  the 
adhefion  of  the  two  furfaceswill  be 
fuch  as,  with  difficulty,  to  admit  of 
feparation,  and  no  electrician  will 
doubt  that  this  adhefion  proceeds 
from  the  lofs  or  addition  of  a  cer- 
tain quantity  of  the  fluid,  caufed 
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by  the  contact,  of  the  different  fur- 
faces. 

While  the  tin  is  in  contact,  with 
the  flefhy  fubftanee,  no  figns  of 
electricity  are  difcoverable :  fo, 
while  the  paper  is  in  contact,  with 
the  metal,  no  figns  of  electricity 
can  be  difcovered  by  the  mod  fen- 
fible  electrofcope  ;•  but  by  bringing 
another  piece  of  metal  to  partici- 
pate in  the  influence  of  the  tin  foil 
on  the  flefhy  fubftanee,  and  at  the 
fame  time  to  extend  its  actions  to 
both  extremities  of  the  nerves, 
then  a  new  combination  of  circum- 
ftances  takes  place,  a  new  change 
of  attractive  force,  and  inftanta- 
neouily  the  activity  of  the  electric 
fluid,  in  its  paffage  to  or  from  the 
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parts  of  contact,  is  immediately  dis- 
covered by  the  contraction  of  the 
nerve. 

In  like  manner,  if  you  feparate 
the  paper  and  the  metal,  or  place 
any  different  body  on  the  upper 
furface  of  the  paper,  or  bring  it 
into  the  fame  contacl  with  the  pa- 
per, or  produce  any  change  of 
the  circumftances  on  which  the 
attractive  force  depends,  a  portion 
of  the  ele&ric  fluid  is  immediately 
feparated,  fo  that  a  fpark,  half  an 
inch  long,  will  ftrike  into  any  con- 
ducting body  which  is  applied  to 
the  infulated  metal. 

You  will,  I  hope,  remember, 
that  the  preceding  elucidation  of 
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the  curious  facts,  difcovered  by 
Signor  Galvani,  is  propofed  to 
you  merely  as  a  ftimulus  to  farther 
inveftigation.  Indeed,  no  part  of 
the  fcience  of  electricity  holds  forth 
a  more  inviting  purfuit  than  that 
of  its  connexion  with  the  animal 
oeconomy,  in  which  the  poffible 
agency  of  the  electric  fluid  appears 
to  be  that  of  boundlefs  extent  and 
the  molt  varied  application. 

The  raoft  abundant,  if  not  the 
only,  fources  of  this  agency  in  na- 
ture, are  thofe  caufes  which  fepa- 
rate  and  compound  different  fub- 
ftances;  but  the  animal  fyftem  is 
a  multitudinous  collection  of  in- 
ftances  in  which  fuch  caufes  ope- 
rate. —  The    glands,   the    exhalant 
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and  the  abforbent  veffels,  are  every 
inftant  mixing  different  compounds, 
or  fecreting  their  feveral  parts,  and 
according  to  the  general  law  of 
nature,  they  mull  be  perpetually 
collecting  or  demanding  new  quan- 
tities of  the  electric  fluid.  But  the 
effecf  s  of  the  preceding  animal  pro- 
ceffes  are  increafed  by  the  various 
motions  of  the  fyftem  which  de- 
pend upon  the  will.  A  new  flow 
of  blood,  propelled  into  any  part 
by  increafed  aclion,  forms  new 
contacts  or  feparations,  and  of 
courfe  a  new  caufe  of  electricity. 

The  poffible  means,  however, 
with  which  the  animal  fyflem  is 
furnifhed  for  preferving  or  infu- 
lating  any  collection  of  the  fluid, 
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is  adequate  to  the  numerous  caufes 
by  which  it  may  be  produced. — 
There  is  fcarcely  any  important 
organ  that  is  not  furrounded  with 
animal  oil.  This  is  particularly 
the  cafe  with  moil  of  the  glands, 
and  with  every  diftinct.  mufcular 
fibre.  Indeed,  the  whole  mufcular 
fyftem  is  a  collection  of  the  mod 
perfect  means  for  electrical  exci- 
tation and  accumulation.  Its  vaf- 
cular  parts  are  conftru&ed  for  the 
admiflion  of  a  fudden  flow  of 
blood,  fo  as  to  come  in  contact 
with  the  larger!  furface  poffible, 
and  the  interftitial  oil,  which  fepa- 
rates  each  diftinct.  fibre  from  the 
next  to  it,  confines  the  collected 
electric  fluid,  fo  that  it  mull  be 
carried   off  by   the    nerves  which 

VOL.   II.  f  f 
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belong  to  thofe  parts,  and  which, 
when  they  conduct,  are  immedi- 
ately contracted. 

Could  we  but  eftablifh  the  fpe- 
culation  which  I  am  now  hazard- 
ing as  having  a  faint  appearance 
only  of  probability,  we  mould  be 
able  to  explain  a  great  number  of 
facts  which  have  been  hitherto  con- 
fidered  as  inexplicable,  many  va- 
rieties would  be  traced  to  the  quan- 
tity of  adipofe  membrane,  and 
many  changes  of  health  and  ftrength 
would  neceffarily  proceed  from  the 
diverfities  of  its  quality  as  well  as 
its  bulk.  The  ftate  of  the  vafcular 
fibre  would  open  another  fource  of 
changes,  fo  would  the  various  de- 
grees of  action  or  force  by  which 
the  circulating  fluids  are  propelled 
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into  it.  There  is,  however,  no  li- 
mit to  that  theoretical  profpecl: 
which  I  have  now  opened  to  your 
view,  nor  to  that  feries  of  labours 
which  muft  precede  every  ftep  you 
take,  if  you  mean  to  advance  with 
proper  fatisfaction  or  the  leaft  de- 
gree of  certainty. 


£2 


DIRECTIONS 


CONSTRUCTION 


EleSlrical  Apparatus 


J.N  the  conftruftion  of  your  ele&rical  ap- 
paratus, it  fhould  be  the  firft  objeft  of  your 
endeavours  to  avoid  all  wafte  of  power,  or 
that  extravagance  in  the  confumption  of  time, 
of  talents,  and  of  means,  which  takes  place 
when  your  movements  are  too  flow,  too  nu- 
merous, or  too  complicate  ;  when  your  ingre- 
dients are  unneceffarily  expenfive  ;  when  you 
operate  on  too  fmall  a  fcale,  and  thus  fall  into 
errors  which  are  corrected  only  by  a  repetition 
of  efforts,  or  when,  by  working  on  too  large 
a  fcale,  each  refult  becomes  the  fruit  of  ex- 
ceflive  labour. 

f  f  3 
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An  experimentalift,  by  avoiding  all  wafte  of 
power,  or  by  cultivating  that  (kill  which  does 
neither  too  much  nor  too  little,  efcapes  from 
fome  of  the  moll  tirefome  incumbrances  of  his 
purfuit.  His  apparatus  will  be  fimple,  and 
when  his  refults  difappoint  him,  he  will  have 
but  few  parts  to  examine  as  the  fources  of  his 
error.  His  apparatus  will  be  cheap  ;  and 
while  his  own  powers  are  thus  enlarged,  he 
increafes  the  probability  that  other  men's  en- 
deavours will  co-operate  with  his  own.  His 
apparatus  will  be  permanent,  and  the  re- 
petition of  innumerable  and  tedious  labours 
will  be  unneceffary.  His  apparatus  will  be 
eafily  underflood,  and  confecjuently  its  pof- 
fible  improvements  will  be  the  more  obvious, 
and  the  more  likely  to  be  realized.  In  fine, 
like  all  the  expedients  of  wifdom,  thofe  which 
he  applies  to  his  own  peculiar  circumftances 
will  be  fully  adequate  to  their  demands,  and 
will  fquander  nothing  which  may  be  ufeful  in 
future  exigencies. 


The  common  fource  of  artificial  electricity 
is    friftion :     it   mould    therefore   be    our   firft 
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bufinefs  to  determine  the  nature  and  form  of 
the  fubftance,  by  the  rubbing  of  which  the 
fluid  is  moft  conveniently  accumulated. 

Glafs  is  preferred  for  the  following  reafons  : 

lft,   It  is  the  moft  durable  of  all  electrics. 

2d,  It  may  be  moulded  into  any  required 
fhape. 

3d,  It  is  the  lighteft  of  all  electrics. 

4th,  Though  it  attracts  moifture  very  ra- 
pidly, yet  moifture  is  removed  from  it  more 
eafily  than  from  any  other  body.  Aqueous 
particles  enter  the  fubftance  of  other  ele&rics, 
but  are  confined  to  the  furface  of  glafs,  and 
therefore  are  inftantly  wiped  off  with  a  dry 
linen  towel. 

Some  electricians  have  preferred  glafs  of  a 
fpherical  form  ;  but  the  culhion  that  is  fuited 
to  it  mult  participate  of  that  form,  and  this 
fingle  circumftance  renders  the  application  of 
prefture  difficult  and  limited.  Befides,  the 
filk  that  is  annexed  to  the  cufliion  can  never 
be  cut  fo  as  to  lie  exactly  clofe  to.  the  glafs. 

F.f4 
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A  fphencal  form  has  been  recommended  by 
the  complete  infulation  on  the  upper  part  of 
the  fphere,  which  is  the  confequence  of  making 
it  revolve  on  an  axis  perpendicular  to  the 
ground.  But  when  the  fphere  refts  on  fuch 
an  axis,  it  is  perpetually  loofening,  for  the 
preffure  of  the  cufhion  is  applied  beyond  the 
fulcrum,  and  of  courfe  prevails  in  amort  time 
over  the  adhefion  of  the  ftrongeft  cement. 

Plates  of  glafs  are  in  fafhionable  ufe  on  the 
Continent,  and  the  effefts  of  them  are  de- 
fcnbed  as  prodigies  in  the  foreign  journals. 
But  I  obferve  that  the  criterion  by  which  they 
judge  is  the  power  of  a  charge  communicated 
to  a  given  battery.  There  is,  however,  no 
immediate  connexion  between  the  charge  of 
which  a  battery  is  capable,  and  the  power  of 
the  glafs  that  is  rubbed  ;  for  there  is  fcarcely 
any  degree  of  accumulation  which  you  may 
not  collect  with  a  fmall  glafs  cylinder,  pro- 
vided you  multiply  your.  jars,  and  employ 
time  enough  to  charge  them.  It  is  certain 
that  no  reafon  can  be  afiigned  for  believing 
that  a  plate  will  admit  of  greater  excitation 
than  glafs  of  any  other  form.     Whatever  ad- 
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vantage  does  belong  to  it  muft  proceed  from 
having  the  friction  applied  to  both  furfaces  at 
once,  or  from  applying  the  caufe  of  excita- 
tion in  fuch  a  manner  that  it  may  aft  upon 
the  thinneft  poffible  furface  of  the  eleclric. 
This  advantage,  however,  muft  be  imaginary, 
for  it  is  found  that  a  folid  body  may  be  ex- 
cited as  powerfully  as  the  thinneft  glafs.  If 
any  fuperiority  arifes  from  difference  of  pref- 
fure,  it  cannot  belong  to  the  plate  machines  ; 
for  all  thofe  which  have  been  hitherto  con- 
ftrucled,  are  incapable  of  that  preflure  which 
may,  without  the  leaft  danger  or  inconveni- 
ence, be  applied  to  the  cylinder. 

The  pofitive  objections  to  the  ufe  of  glafs 
plates  are  numerous  and  weighty  : 

lft,  The  contrivances  neceflary  for  their 
infulation  are  very  complicate. 

2d,  They  are  not  .only  in  themfelves  more 
expenfive  than  glafs  of  any  other  form,  but 
they  are  fitted  up  with  greater  difficulty. 

3d,  They  are  faftened  to  their  fupport  at  the 
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centre,  but  the  applied  preffure  operates  near 
the  periphery  ;  it  follows,  cherefore,  that  if 
much  force  be  ufed,  the  glafs  will  loofen,  and 
get  out  of  order,  in  defiance  of  every  care  to 
fallen  it  with  a  flrong  and  durable  cement. 

4th,  Plate-glaffes  are  of  all  others  the  moil 
expofed  to  injury,  and  when  their  fize  is  con- 
fiderable,  the  magnitude  of  this  injury  makes 
it  a  ferious  calamity,  even  to  the  mod  wealthy 
electrician.  Beiides,  the  injury  is  caufed  by 
the  (lighten1  blow,  or  by  a  trifling  inaccuracy 
in  fixing  them  at  the  centre  ;  for  the  leail  un- 
equal preffure  is  apt  to  crack  them. 

5th,  They  do  not  admit  of  that  renewed 
application  of  the  amalgam  which  is  fo  effen- 
tial  to  the  perfect  excitation  of  an  elettnc. 

6th,  The  plate,  and  the  infulations  necef- 
fary  for  it,  take  up  too  much  room. 


I    prefer    cylindrical    glaffes   open  at   both 
ds,  for  the  following  reafons  : 

lft,  By  admnting  of  fupports  at  both  ends, 
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they  are  capable  of  being  fixed  with  pei-fecl 
fecurity,  fo  as  to  bear  any  pre  flu  re  or  fhaking, 
to  which  they  may  be  expofed  during  the  long 
operations  of  a  laborious  experimentalift. 

2d,  The  cufliion  and  the  filk  may  be  fitted 
perfectly  clofe  to  their  fides,  and  during  the 
operation,  frefh  portions  of  amalgam  may  be 
applied  to  them,  without  any  inconvenience 
to  the  operator. 

3d,  The  conductor  may  be  placed  altoge- 
ther within  the  atmofphere  produced  by  cy- 
lindrical glafles.  This  is  a  great  advantage  ; 
it  can  be  eftimated  only  from  experience,  and 
does  not  belong  either  to  the  plate  or  the 
fphere. 

4th,  Machines  conftrucled  with  cylindrical 
glafles  take  up  the  leaii  room.  Even  with 
conductors,  which  are  fixed  parallel  to  their 
fides,  they  may  be  fixed  on  a  moderately  fized 
table,  and  preferved  in  a  fmall  clofet,  fo  as 
to  be  readily  brought  out  when  wanted. 

I  would   advife   you,  when  you  purchafe  a 
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cylinder,  to  get  it  blown  fo  that  it  may  be  as 
light  as  poifible  ;  not  that  I  regard  one  weight 
as  more  favourable  than  another  to  the  pro- 
duction of  electricity,  but  the  heavier  your 
machinery  is,  the  more  likely  is  it  to  be  in- 
jured during  the  numberlefs  motions  which 
attend  the  ufe  of  it. 

The  furface  of  glafs  is  frequently  covered 
with  little  protuberances  and  inequalities, 
whofe  points  and  edges  tear  the  filk,  accumu- 
late dirt,  and  multiply  the  neceflities  of  clean- 
ing. To  avoid  thefe  inconveniencies,  you 
fhould  find  out  the  time  at  the  glafs-houfe,  in 
which  the  workmen  open  their  pot,  for  the 
roughneffes  I  allude  to  are  the  effects  of  the 
vitrified  matter's  imperfect  fufion  which  takes 
place  when  the  pot  is  nearly  full  or  very  low. 
The  beft  cylinders  are  blown  only  when  the 
pot  is  half  emptied,  and  this  is  the  cafe  on 
Wednefdays  and  Thurfdays,  in  the  London 
glafs-houfes. 

The  necks  of  your  cylinder  mould  be  wide 
enough  to  admit  the  hand,  for  a  condenfation 
of  vapour  is  frequently  formed  on  the  internal 
furface  of  the   glafs.  and   if  you  are    able  to 
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wipe  it  off  with  linen  very  dry  and  hot,  you 
avoid  the  neceffary  but  very  dangerous  trouble 
of  removing  it  by  a  covering  of  fpirits  of  wine 
and  Spanifli  white,  laid  on,  and  rubbed  off 
with  a  rag  tied  to  the  end  of  fuch  a  bent  wire 
as  the  narrownefs  of  the  neck  will  admit. 

I  have  found  that  no  cylinder,  lefs  than 
fourteen  inches  in  diameter,  will  enable  an 
operator  to  ufe  a  battery  with  a  proper  degree 
of  power,  without  immenfe  lofs  of  time  and 
labour.  The  length  of  fuch  a  cylinder  mould 
not  be  lefs  than  twenty-one  inches,  your  arm 
in  its  circumvolutions  will  otherwife  get  fo 
far  into  the  atmofphere  of  the  conductor, 
as  to  take  off  a  very  confiderable  portion  of 
the  accumulated  fluid. 

The  caps  of  cylinders  are  generally  made 
of  wood  very  well  dried  ;  for  the  leaft  re- 
maining fap  or  moifture  will  be  evaporated  by 
the  warm  cement,  and  the  contraction  thus 
caufed,  in  addition  to  that  proceeding  from 
the  expofure  of  a  new  furface  of  wood,  is 
adequate  to  the  denruciion  of  the  cylinder. 
The   hard  tropical  woods  are   generally  ufed  , 
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but  there  is  not  one  of  them  which  I  have 
been  able  to  ufe  without  injury,  and  I  am 
clearly  of  opinion,  that  a  very  light  brafs  cap 
is  the  beft  that  can  be  felecled  :  the  rejection 
of  it,  on  account  of  its  fuperior  conducing 
power,  is  abfurd  ;  for  the  infulation  depends 
on  the  diftance  of  the  cufhion  from  the  cap, 
and  provided  that  diftance  be  well  managed, 
what  the  cap  is  compofed  of  is  of  little  con- 
fequence.  Befides,  the  dryeft  wood  is  not  a 
better  insulator  than  metal,  and  it  is  much 
more  likely  to  have  points  on  its  furface  than 
brafs  Well  polimed-  and  varmfhed.  One  part 
of  the  brafs  cap  mould  be  a  ring  clofely  fitted 
to  the  neck  of  the  cylinder,  and  having  an 
orifice  equal  to  the  admilfion  of  the  hand  :  the 
greater  the  fuperficial  dimenfions  of  this  ring, 
the  better,  for  the  more  extenfive  is  the  adhe- 
fion  of  the  cement.  A  head  or  lid  of  brafs, 
carefully  cleared  of  all  edges,  mould  be  fcrewed 
on  the  ring,  and  into  the  centre  of  this  lid, 
on  the  one  fide  the  handle,  mould  be  fcrewed, 
and  on  the  other  the  pin  on  which  the  cylinder 
turns. 

At  one  time  part  of  the  handle  was  made  of 
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glafs.  This  was  very  abfurd;  for  the  glafs 
does  not  ihorlen  the  interval  which  is  moll 
favourable  to  the  efcape  of  the  fluid,  or  that 
which  feparate-s  the  hand  from  the  conduc- 
tor, when  it  becomes  oppofite  to  it  in  its  cir- 
cumvolutions. The  fame  reafon  {hews  the 
abfurdity  of  infulating  that  end  of  the  cylinder 
to  which  the  handle  is  fixed.  The  infulation 
of  the  other  end  is  rendered  proper  by  the 
particular  pofition  of  the  conductor. 

An  unneceflary  multiplication  of  infulators 
becomes  a  fource  of  confiderable  annoyance  to 
an  experimentalift,  who  purfues  the  fcience 
with  any  degree  of  ardour ;  for  when  the 
motion  is  great  and  of  long  continuance,  the 
belt  cement  will  give  way,  and  no  interrup- 
tion can  be  more  teafmg  than  that  of  being 
flopped  to  repair  a  damage  in  the  middle  of 
a  procefs. 

The  cushion  is  generally  made  of  hair 
covered  with  leather.  It  fhould  be  as  hard 
as  the  bottom  of  a  new-made  mohair  chair, 
and  it  fliould  be  formed  fo  as  to  be  in  perpe- 
tual contact  with  the   fides  of  the  glafs  when 
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it  revolves.  The  length  of  the  cufhion  fhould 
never  exceed  one-third  the  length  of  the  cy- 
linder, for  one  end  of  the  conductor  muft  al- 
ways approach  two  or  three  inches  nearer  the 
hand  than  the  cufhion  ;  if,  therefore,  it  ex- 
ceed the  above  dimenfions,  the  infulation 
mufl  be   very   incomplete. 

When  the  filk  is  omitted,  the  poffible  charge 
of  the  conduftor,  comparatively  fpeaking,  is 
fmall.  The  filk  mould  be  as  wide  as  the  cu- 
fhion ;  it  mould  be  fewed  upon  a  wire  bent 
at  both  ends,  which  ends  are  prefled  into  holes 
made  for  their  reception  on  the  upper  edge 
of  the  wood  to  which  the  cufhion  is  fattened. 
The  filk  mould  be  equal  in  length  to  half  the 
circumference  of  the  cvlinder,  and  its  edo-e 
mould  terminate  where  the  points,  affixed  to 
the  conductor,  touch  the  glafs.  Formerly, 
great  pains  were  taken  to  prepare  the  filk  ; 
but  I  find  that  a  piece  of  common  taffeta, 
without  any  preparation,  anfwers  every  pur- 
pofe.  It  fhould  be  placed  fo  that  the  mo- 
tions of  the  cylinder  do  not  crofs  the  grain, 
it  will  otherwiie  be  very  foon  worn  into  threads. 
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The  cuflrion  fhould  be  fixed  on  an  elaftic 
fupport ;  for  no  cylinder  is  perfectly  even, 
and  unlefs  there  be  fome  little  giving-way,  a 
frafture  or  injury  of  one  kind  or  another  will 
fpeedily  take  place. 

The  length  of  the  conductor,  which  I  have 
found  to  be  raoft  convenient,  is  equal  to  that 
of  the  cylinder,  including  the  necks.  Its  dia- 
meter is  nearly  one-third  of  that  of  the  cy- 
linder. It  is  made  of  copper,  which  is  better 
than  tinned  iron,  as  having  a  fmoother  and 
more  durable  furface.  Its  extremities  are 
fpherical  lids  or  covers,  fo  fitted  to  the  cy- 
lindrical part  of  the  conductor,  as  to  be  taken 
off  and  put  on  without  difficulty.  Different 
parts  of  the  conductor  are  penetrated  by  cop- 
per tubes  about  two-thirds  of  an  inch  in  dia- 
meter, which  enable  the  operator  with  eafe  to 
connect  the  different  parts  of  his  apparatus. 

In  Mr.  Nairne's  patent  machine,  the  re- 
ceiving points  are  fixed  ;  but  it  is  moft  con- 
venient to  be  able,  at  pleafure,  to  change  their 
pofition  ;  for  the  general  power  of  infulation 
belonging  to  the   machine   depends   much  on 

VOL.    II.  G    cr 


450  AN    ELECTRICAL 

this  circumftance,  as  the  fmalleft  variety  in 
the  pofition  of  the  points  will  frequently  caufe 
the  greateft  difference  in  the  degree  of  accu- 
mulation. Agreeably  to  a  method  which  I 
learned  from  Mr.  Read,  I  fix  my  points  into 
a  number  of  little  brafs  rings ;  thefe  turn  round 
upon  an  axis,  the  extremities  of  which  are 
bent  and  forced  into  two  holes  in  the  fide  of 
the  conduftor.  The  points  are  thus  made 
to  reft  upon  the  glafs,  and  confequently  to  be 
in  perpetual  contact  with  it,  without  caufing 
the  leaft  impediment  to  its  motion. 

The  different  receipts  for  amalgam  are  al- 
moft  as  numerous  as  the  different  experimen- 
talifls  who  have  purfued  the  fcience.  I  am 
determined  by  my  own  experience,  which 
agrees  with  that  of  Mr.  Brooke,  to  prefer  the 
following  which  does  not  differ  much  from 
that  recommended  in  the  Philofophical  Trans- 
actions. 

Take  one  part  of  zinc,  place  it  over  a  fire 
in  an  iron  ladle.  When  the  ladle  is  nearly 
red  hot,  put  a  little  tallow  on  the  zinc,  and 
it  will  immediately  be  melted;  while  in  a  ftate 
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of  fufion,  pour  upon  it  four  parts  of  quick- 
filver :  this  mould  be  done  very  cautioufly, 
the  quickfilver  will  otherwife  be  difperfed  by 
the  fudden  application  of  the  heat,  and  loft. 
I  never  mix  any  greafe  with  this  amalgam  ; 
the  method  of  ufmg  which  will  be  underftood 
from  the  directions  which  I  mail  now  give 
for  the  excitation  of  the  cylinder. 

You  mould  beain  your  work  with  removing- 
ail  dufl  from  your  apparatus,  the  table,  and 
the  adjoining  floor.  You  are  next,  with  a 
warm  dry  cloth,  to  wipe  all  your  infulatOrs. 
In  cafe  your  cylinder  fhould  be  rendered 
greafy  or  dirty  by  former  operations,  you 
mould  clean  it  with  fpirits  of  wine.  Indeed, 
the  degree  of  your  excitation  will  depend  al- 
together on  the  care  you  exercife  to  keep  the 
glafs  free  from  filth  and  moifture. 

When  the  cufhion  is  clofely  preffed  to  the 
fides  of  the  glafs,  and  while  the  cylinder  re- 
volves, apply  your  amalgam  to  the  uncovered 
part  of  the  glafs  :  this  may  be  done  by  pre- 
vioufly  fattening  it  to  a  piece  of  leather  with. 
bees-wax  or  glue  ;  or  it  may  be  done  by  ap- 
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plying  a  hard  piece  of  it,  fcraped  with  a  knife, 
fo  that  its  {urface  may  be  in  contact  with  that 
portion  of  the  cylinder  againft  which  the  hand 
prefTes  it.    If  the  fluid-,    in  a  few  Ceconds  after 
the  application   of  the  amalgam,   is   not  abun- 
dantly collected,  fpread  a  little  oil  on  the  palm 
of  your  hand,   and   let   it,    thus   greafed,  jufl 
touch  the  cylinder  as  it  moves  round  ;   the  ef- 
fect will  be  inflantaneous,  as  will  be  apparent 
from    the   increafed   refinance  of  the   cufhion 
and  the  numerous  torrents  of  trie  fluid  which 
will   paCs   from  the  edge   of  the  filk   to  your 
hand.     This  operation  may  be  repeated  with- 
out trouble,  as  often  as  you  want  to  revive  the 
languishing  excitation   of  the  cylinder.      It  is 
of  fome  confequence  that  the  amalgam  mould 
not   be    partially  calcined,    which   is    the   cafe 
when  its  furface  has  been  expofed  to  the  air, 
or  when  any  part  of  it   has  been    rubbed  by 
lying  between   the   cufhion   and  the   cylinder. 
When   the    proper  degree   of  excitation   pre- 
vails,  an   interval   of  three   feconds  does    not 
feparate    the     feveral     brilliant    fparks   which 
llrike  in    fucceffion    from    the    points    of   the 
cufhion. 
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I  have  now  defcribed  every  part  of  the  ap- 
paratus that  is  neceffary  for  the  accumulation 
of  the   fluid.  There  are   two  ways  in   which 
its  force  may  be  directed  or  applied,   when  ac- 
cumulated ;    you    may   convey    it  as    a    fpark 
taken    immediately   from    your   conductor,    or 
you  may  collect  it  on  the  furface  of  glafs,  and 
examine  the  peculiarities  of  its  effects  in  pairing 
from  the  pofitive  fide  to  the  negative.     When 
the  fpark  is  ufed,  that  machinery  is  bed,  which 
admits  the  greatefl  accumulation  and  the  moft 
frequent  difcharge  of  it  in   the  fhorteft  time  ; 
for  this  purpofe.   the  dimenfions  of  the   cylin- 
der and  the  conductor  mould   be  very  large. 
If  the  refpeclive  diameters  of  the  cylinder  and 
conductor  be  twenty-one  inches  and  ten  inches, 
if  their   refpeclive   lengths   be    two  feet  and  a 
half  and  ten  feet,    a  perpetual  torrent  of  the 
fluid  will   pafs   from  one  ball  of  two  inches  in 
diameter   to    another,  through   an  interval   of 
one  inch  and  a  half  of  air.     If  the  preceding 
diameter  and  lengths   be  diminifhed,  you  will 
rind  a  correfpondent  change  in  the  founds  and 
in  the  rapidity  of  the  fuccefiion  of  fparks. 

In  cafe  you  fhouid  ufe  a  chemico  electrical 
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apparatus,  yon  will  find  it  neceffary  to  employ 
this  mode  of  directing  the  fluid,  on  the  greateft 
fcale  pofhble  ;  for  in  fome  inftances  a  frnall 
change  is  produced  only  by  millions  of  pow- 
erful fparks,  and  confequently  the  fize  of  your 
machine  muft  caufe  a  difference  of  fome  hours 
labour  in  the  courfe  of  one  day.  Your  com- 
municating and  receiving  balls  mould  never 
be  lefs  than  two  inches  m  diameter  ;  you  are 
moft  fecure  of  obtaining  the  greateft  force  of 
the  fpark  when  their  diameter  is  three  inches. 
The  cheapen1  balls  are  made  of  wood,  and  co- 
vered with  tin  foil  ;  but  the  tin  foil  is  perpe- 
tually loofening,  and  caufing  inequalities  ;  the 
toil,  therefore,  is  perpetually  recurring,  of 
finding  out  and  prefhng  down  the  points 
which  rife  on  their  furface.  Light  copper 
balls  are  preferable,  but  they  are  dear,  and 
without  great  care,  when  much  ufe  is  made  of 
them,  they  are  apt  to  be  bulged  and  fpoiled. 

For  the  convenience  of  adantingr  the  fitu- 
ation  of  your  balls  to  the  fituation  of  the 
body  on  which  you  make  your  experi- 
ments, it  will  be  neceffary  that  you  mould 
have  tin  tubes  of  different  lengths  ;    their  dia- 
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meters  fhould  not  be  lefs  than  half  an  inch, 
and  the  edge  at  which  the  folder  is  put  on, 
fhould  be  carefully  filed  down.  Copper  tubes 
are  better,  but  they  are  very  expenfive.  For 
the  purpofe  of  fattening  the  tubes  to  the  con- 
ductor, Meflrs.  Nairne  and  Blunt  have  con- 
trived a  joint,  which  admits  of  being  moved 
in  two  different  directions  ;  to  one  part  of  this 
joint  is  fixed  a  piece  of  wood  or  brafs,  which 
enters  the  conductor  ;  to  the  other  is  fixed  a 
piece  of  brafs  or  wood,  on  which  the  tube  is 
flipped  or  fcrewed,  having  at  its  extremity 
the  receiving  or  communicating  ball.  When 
experiments  are  to  be  made  with  the  charges 
of  glafs,  you  may  ufe  a  fingle  phial  or  a 
battery. 

The  befl  form  of  the  fingle  phial  is  that  of 
a  perfect  cylinder,  having  its  mouth  wide 
enough  for  the  introduction  of  the  hand.  On 
a  glafs  thus  formed,  the  tin  foil  is  laid,  and 
the  duft,  that  is  apt  to  collect  on  the  infide, 
removed  without  any  trouble. 

If  the  glafs  be  thinner  than  one-eighth  of 
an  inch,   the  phial  will  bear  no  confiderable 
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height  of  charge.  The  wire,  through  which 
the  charge  is  communicated,  mould  not  be  lefs 
than  one-fourth  of  an  inch  in  diameter ;  it 
mould  terminate  in  a  metallic  ball,  one  inch 
at  leaft  in  diameter. 

If  the  phial  be  intended  for  frequent  change 
of  fituation,  the  charging  wire  fhould  be  faf- 
tened  fo  as  to  be  always  fteady  in  the  centre 
of  the  phial.  Some  perfons  ufe  for  this  pur- 
pofe  a  piece  of  wood,  which  fits  the  rim  of 
the  glafs  like  a  lid  ;  but  the  length  of  initia- 
tion, which  feoa  rates  the  tin?,  foil  from  the 
charcrincr  wire,  is  thus  leflened.  and  confe- 
quently  the  eafe  with  which  the  fluid  paffes 
from  the  infide  to  the  outfide  facilitated,  fo 
that  the  phial  is  perpetually  lofmg  part  of  its 
contents,  and  the  time  neceflary  to  fill  it 
considerably  lengthened.  The  bell  fattening 
is  that  which  is  applied  to  the  wire  below  the 
edge  of  the  tin  foil. 

When  the  phial  is  not  to  be  moved  from 
the  fituation  m  which  it  is  charged,  the  wire 
may  be  faflened  to  the  conductor  ;  the  glafs 
may  then   be   removed  without  difficulty  for 
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the  purpofe  of  cleaning  it,  and  for  a  variety 
of  experiments  on  the  furfaces  of  bodies, 
which  you  have  feen  during  the  courfe  of 
thefe  Lectures. 

The  battery  is  a  colleftion  of  phials,  fo 
connected  that  the  force  of  any  number  of 
them  may  be  conveyed  at  the  fame  inftant 
through  the  fame  circuit. 

The  following  are  eflential  requintes  in  the 
conftruction  of  a  battery  : 

lft,  Its  connecting  wires  mould  be  perfectly 
free  from  all  edges  and  points. 

2d,  The  connecting  wires  mould  be  eafily 
moveable,  fo  that  when  accident  has  leffened 
the"  number  of  phials,  the  wires  may  be  re- 
duced fo  as  to  correfpond  with  the  remaining 
quantity  of  glafs. 

3d,  The  phials  mould  not  be  crouded  ;  for 
in  fuch  a  cafe,  mould  neceffity  oblige  us  to 
ufe  phials  of  different  fizes  or  heights,  the  tin 
foil  of  the  higher  ones  being  in  contact  with 
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the  uncoated  glafs  of  the  lower  ones,  will  leflen 


their  infulation 


4th,  The  fize  of  the  phial  mould  not  be 
large  ;  for  though  an  increafe  of  magnitude 
lefiens  the  trouble  of  cleaning,  it  at  the  fame 
time  increafes  the  expence  of  repairing  da- 
mages which  frequently  occur. 

5th,  The  feveral  wires  mould  be  fixed  very 
fteadily,  or  in  fuch  a  manner  as  not  to  admit 
of  any  making. 

6th,  It  fhould  take  up  the  leafi  pofhble 
room  ;  for  as  it  grows  in  fize,  fo  is  the  proba- 
bility increafed  of  its  being  expofed  to  the  in- 
fluence of  furrounding  conductors. 

In  the  eonftruclion  of  that  battery  which  I 
ufe,  I  have  given  all  the  attention  of  which 
I  am  capable,  to  the  preceding  requifites. 
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FIG.  LII. 

AB  is  an  iron  or  brafs  rod,  whofe  length 
is  regulated  by  the  length  of  the  table  on 
which  the  battery  is  fixed.  The  wire  fnould 
not  be  lefs  than  one-third  of  an  inch  thick. 
The  balls  at  its  extremities  may  be  made  either 
of  well  polifhed  wood  or  metal,  and  they 
mould  in  diameter  equal  three  inches. 

FIG.  LI II. 

AB  is  a  brafs  or  iron  wire,  one-fourth  of 
an  inch  in  diameter  ;  at  C,  it  is  fere  wed  into 
the  brafs  ring,  A  ;  at  B,  hangs  a  piece  of 
chain,  which  refts  on  the  bottom  of  the  phial. 
The  whole  of  this  wire  is  connected  with  the 
rod  AB,  (Fig.  LII.)  The  brafs  ring  may 
be  moved,  together  with  its  appended  wire, 
to  any  required  pofition  on  the  rod,  and  if  it 
be  neceflary  to  take  away  the  wire,  it  is  eafily 
unferewed.  No  amplification  is  neceflary  to 
fhew  that  the  contrivance  I  have  juft  defcribed 
may  be  repeated,    and  applied  to  as  many  jars 
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as   the  length  of  the  rod  will   allow  to  ftand 
under  it. 


FIG.  LIV. 

The  rod  AB,  in  Fig.  LII.  is  fupported  by 
refting  each  extremity  on  a  glafs  infulator, 
fuch  as  HI,  which  is  fattened  to  the  table  by 
iron  fcrews.  The  upper  end  of  the  infulator 
is  covered  with  a  wooden  cap,  hollowed  fo 
as  to  receive  the  bails  of  the  rod.  As  the 
number  of  jars  may  be  incrcafed  by  increafing 
the  length  of  the  rod,  fo  the  battery  may  be 
magnified  into  any  fize  by  multiplying  the 
rods. 


The  preceding  is  the  moll  expenfive  part 
of  an  eleclrical  apparatus.  Sometimes  eight 
or  ten  phials  are  broken  by  one  difcharge,  and 
they  are  not  replaced  without  much  time  and 
trouble.  Mr.  Brooke  has  tried  the  various 
means  prefcribed  for  curing  the  fraftures  of 
broken  jars  ;  but  in  nine  infrances  out  of  ten, 
before  the  cured  jars  were  twice  charged,  they 
broke  a  fecond  time  at  the  edgre  of  the  cement 

o 

that  was  laid  on  the  glafs.    The  preceding  evil 
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may  be  much  diminifhed  by  increafing  the 
fize  of  the  battery,  fo  as  to  make  a  low  charge 
adequate  to  the  effeft  we  wifh  to  inveftigate. 

I  have  already  given  you  a  general  defcrip- 
tion  of  the  difcharging-rod  which  I  ufe.*  I 
mould  obferve  that  the  greateft  difficulty  in 
conftrufting  it  is  that  of  making  the  axis  turn 
perfectly  tight  in  the  collar ;  for  the  leaft 
making,  where  the  motion  is  fo  confiderable, 
is  foon  followed  by  injury.  As  the  inftrument 
is  of  permanent  and  conftant  ufe,  you  will 
fave  trouble  and  expence  by  having  recourfe 
to  the  fkill  of  a  mathematical  inuTument- 
maker.  Mr.  Blunt,  of  Cornhill,  London, 
has  conftructed  what  you  now  fee,  and  can 
fupply  you  without  any  new  directions.  I 
might  recommend  one  alteration  :  the  wheels 
would  be  improved,  by  prefenng  a  diameter 
of  fix,  to  that  of  three  inches. 

Mr.  Brooke's  electrometer  is  an  expenfive 
inftrument,  and  can  be  made  only  by  a  very 
fkilful  workman  ;   it  is,  however,  the  only  one 

*  Page  12.   Vol.  II. 
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of  its  kind  that  can  be  relied  on.  He  has 
given  a  long  and  accurate  defcription  of  it 
in  his  treatife,  entitled,  "  Mifcellaneous  Ex- 
periments and  Remarks  on  Ele&ricity."  It 
is  from  this  defcription  alone  that  you  can 
pombly  confiruct  an  inftrument  for  yourfelves, 
as  in  that  given  in  the  Philofophical  Tranfac- 
tions,  the  whole  is  rendered  unintelligible  by 
a  negligent  omiflion  of  the  reference-letters 
in  the  plates. 

Having  now  made  you  acquainted  with  all 
parts  of  the  apparatus  that  is  neoeffary  for  ex- 
citing, collecting,  and  communicating  the  elec- 
tric fluid,  I  {hall  proceed  to  the  defcription 
of  thofe  tefts  by  which  the  nature  of  the  accu- 
mulated electricity  is  determined. 

When  the  eleftric  is  charged  to  a  confider- 
able  height,  it  fhould  be  placed  on  an  infu- 
lator,  and  the  finger  applied  to  one  of  its  fur- 
faces.  A  pair  of  pith  balls,  connefied  with 
a  furface  known  to  be  charged  pofitively  or 
negatively,  fhould  then  be  applied  to  it.  If 
the  pofitive  or  negative  balls  be  repelled, 
then   the  electricity   is   pofitive  ;  if  attracted, 
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the  ele&ricity  is  contrary  to  that  of  the  balls. 
When  the  fluid  is  collected  in  very  fmall  quan- 
tities, Mr.  Bennet's  eleflxofcope  is,  in  my  opi- 
nion, the  belt  poffible.  The  defcription,  how- 
ever, which  it  was  neceflary  for  me  to  give  of 
it  at  the  commencement  of  thefe  Leftures,  dif- 
fers in  fome  refpe&s  from  that  given  by  the 
author. 

lft,  The  fhape  of  the  gold  ftrip,  if  made 
according  to  his  dire&ions,  muft  be  triangu- 
lar, the  bafe  of  which  is  faftened  while  the 
apex  hangs  down.  I  have  always  preferred 
a  reftangular  ftrip,  and  I  have  chofen  that 
the  end  which  hangs  down  mould  be  rather 
broader  than  that  which  is  faftened,  for  it  is 
beft,  I  think,  that  the  furface  ihould  be  greateft 
where  the  influence  is  moft  powerful,  or  at  the 
part  which  is  moft  diftant  from  the  fulcrum. 

2dly,  Where  Mr.  Bennet  places  a  cap  of 
metal,  I  place  a  cake  of  fealing-wax,  through 
whofe  centre  a  tube  pafles,  containing  a  wire, 
to  one  of  whofe  ends  is  faftened  the  ftrip,  to 
the  other  a  piece  of  brafs,  to  which  may  be 
fitted  a  ball,   a  plate,  or  any  kind   of  fupport 
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that  the  circumdances  of  the  experiment  may 
require.  By  this  conftruftion  the  infulation 
is  much  improved,  and  confequently  the  ne.- 
ceffity  diminifhed  of  wiping  the  fides  of  the 
glafs,  where  the  flighted  friction  is  attended 
with  figns  of  eie&ncity.  According  to  Mr. 
B.'s  directions,  the  rim  of  the  metallic  cap 
hangs  over  the  fides  of  the  glafs,  fo  that  the 
falling  dud  may  not  come  hear  them.  But 
this  is  no  prefervative  ;  for  the  ele&ric  accu- 
mulation in  the  infide,  be  it  ever  fo  fmall, 
caufes  an  attractive  influence,  which  gather* 
the  floating  particles  in  all  directions. 

Mr.  Bennet's  electrofcope  is  not  eafily 
moved,  for  the  gold  leaf  drips  are  injured  by 
the  lead  fliaking  of  the  glafs.  If,  therefore, 
you  fhould  want  an  inflrument  of  this  kind 
for  the  pocket,  I  would  recommend  that  in- 
vented by  Mr.  Cavallo,  as  the  mod  conve- 
nient. Its  fenfibility  may  be  much  improved, 
if  the  pith  balls,  inftead  of  being  fadened  to 
filver  wire,  are  fufpended  by  Mr.  Read's 
flaxen   threads. 
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FIG.  LV. 

ABCD  is  a  fmall  phial,  about  two  inches 
long,  and  about  three-fourths  of  an  inch  wide. 
E  is  a  brafs  cap,  which  covers  the  neck  of  the 
phial.  CD  is  a  piece  of  metal  cemented  to 
the  bottom,  which  may  form  part  of  the  cafe 
convenient  for  the  prefervation  of  the  ele&ro- 
fcope,  while  in  the  pocket.  I  have  found  it 
altogether  unneceffary  to  put  any  tin  foil  on 
the  fide  of  the  glafs,  both  in  this  and  Mr.  B.'s 
eleftrofcope.  The  two  flaxen  threads,  to 
which  the  balls  are  fattened,  are  prepared 
in  the  following  manner : 

The  flax  is  taken  as  it  comes  from  the 
flax-comb,  and  fplit  fo  fine  as  almoft  to  float 
in  air.  In  this  ftate  it  is  fufpended,  hav- 
ing two  weights  appended  to  the  lower  end. 
The  whole  thread,  thus  ftraitened,  is  drawn 
between  the  fingers,  fattened  with  glue,  and 
when  the  glue  is  dry,  the  weights  are  (tripped 
off.  After  this  preparation,  two  pieces  of 
the  thread  may  be  fattened  to  the  cork  at  D, 
and  then  moved  into  the  bottle  without  danger* 

vol.  xi.  h  h 
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Tiie  contrivances  employed  for  making  ob- 
fervations  on  natural  electricity  are  as  various 
as  the  different  operators  who  have  attended 
to  the  fu  eject. 

The  mod  fimple  is  a  common  fifhing-rod, 
extended  through  the  window  of  a  houfe  into 
the  atmofphere,  having  a  great  number  of 
metallic  bridles  faftened  to  one  end,  which 
are  connected  with  the  other  by  a  metallic  wire 
paffing  through  the  cavity.  This  rod  may 
be  eafily  infulated  by  fixing  that  part  of  it 
which  is  in  the  houfe  to  a  glafs  fland.  So 
much  eleftric  fluid  is  collected  by  this  appa- 
ratus, when  the  leaft  change  takes  place  in  the 
air,  that  the  gold  leaf  {trips,  at  a  considerable 
difiance  from  it,  are  moft  commonly  torn  to 
pieces  by  the  violence  of  their  feparation. 
To  the  infulated  end  of  the  filhing-rod  mould 
be  annexed  a  metallic  ball,  and  near  it  fhould 
fland  at  all  times  a  Leyden  phial,  together 
with  every  part  of  the  apparatus  which  is  ne- 
ceffary  to  determine  the  nature  of  the  col- 
lected eleclricity  ;  nor  would  it  be  amifs,  at 
Jthe  .place  of  obfervation,  to  have  a   metallic 
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wire    connected   with   the   well  or  water-pipe 
that  fupplies  the  houfe. 

In  cafe  the  condu&or  is  to  be  perpetually 
a&ive,  an  erect  pofture  is  the  beft,  as  it  admits 
of  the  beft  faftenings  and  may  be  placed  where 
its  continuance  may  not  be  attended  with  any 
inconvenience. 


FIG,  LVL 

AB  is  a  glafs  ftem,  not  lefs  than  fourteen 
inches  in  length.  It  is  to  be  fixed  in  a  wooden 
rod,  whofe.  length  is  to  be  regulated  by  your 
own  convenience.  This  rod  is  to  reft  on  a 
ftrong  infulator,  EF,  which  is  fixed  within 
the  houfe.  ACD  is  a  tinned  funnel,  formed 
fo  as  to  flielter  the  infulator,  AB.  Its  apex 
fliould  terminate  in  a  great  number  of  di- 
verging points.  DG  is  a  metallic  commu- 
nication, by  which  the  fluid  is  conveyed  from 
the  funnel  to  H,  where  it  is  examined  by  the 
operator.  Mr.  Brooke,  by  a  feries  of  obfer- 
vations  made  with  conductors  of  different 
lengths,  proved"  that  in  cafe  ACD  be  we!! 
h  h  2 
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infulated,  its  height  is  of  no  confequence : 
I  fhould  therefore  recommend  its  being  placed 
where  the  infulator  may  be  reached  and  wiped 
without  difficulty.  In  cafe  the  wooden  rod, 
BE,  fhould  pafs  through  an  orifice  in  the  roof 
of  your  houfe,  EF  may  be  fcrewed  to  your 
garret  floor,  and  the  wire,  DG,  conveyed 
through  an  opening  in  the  cieling  to  the  room 
below  :  but  in  cafe  this  is  not  convenient,  the 
wire  DG  may  be  continued  thro'  the  open  airt 
and  introduced  through  the  window  into  any 
lower  apartment. 

Mr.  Read  and  Mr.  Bennet,  when  the  figns 
of  electricity  are  feeble,  recommend  the  ufe 
of  a  torch  applied  to  the  end  of  the  condu£tor._ 
The  torch  is  of  itfelf  adequate  to  the  pro- 
duction of  eleclricity,  and.  by  introducing  what 
is  collected  artificially,  as  a  natural  effecT,  it 
may  lead  us  into  very  great  errors. 

I  meant  at  one  time  to  have  given  you  a 
feries  of  experiments,  which  might  ferve  to 
fhew  the  connexion  between  eleftricity  and 
chemiftry  ;  but  I  (hall  content  myfelf  with 
describing  the  apparatus  to   you,   the  defign 
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»1  its  feveral  parts,  and  the  mode  of  ufing  it. 
The  numerous  fafts  which  have  occurred  to 
my  obfervation,  belong  more  properly  to 
another  fubjecl. 


CHEMICO  ELECTRICAL  APPARATUS. 

When  the  ele&rical  fluid  is  employed  as 
the  caufe  of  decompofitions  and  new  combi- 
nations, great  accumulations  of  it  are  necef- 
fary,  and  in  proportion  to  the  magnitude  of 
the  fcale  by  which  the  powers  we  employ  are 
to  be  meafured,  fo  will  be  the  diftinftnefs  and 
decifion  of  our  refuks.  No  perfon,  therefore, 
mould  attempt  to  inveftigate  the  connexion  of' 
cheminry  and  electricity  without  a  large  bat- 
tery well  conftrufted,  together  with  a  proper 
difcharging-rod,  and  all  the  means  which  I 
have  defcribed  as  neceflary  to  form  a  complete 
circuit.  His  apparatus,  moreover,  mull  have 
varieties  fuitable  to  the  character  of  the  bodies 
upon  which  his  experiments  are  to  be  made. 
Fluids  require  an  apparatus  different  from  that 
which  is  applicable  to  folids.  Some  fluids^ 
k  h  3 
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likewife,  and  fome  folids,  are  to  be  inveftigated 
differently  from  others. 

When  the  properties  of  fluids  are  examined, 
diftinft  modes  of  operation  are  required  : 
lit,  By  the  various  kinds  of  air. 
2d,  By  water,  fpirits  of  wine,  and  asther. 
3d,  By  the  oils. 
4th,  By  the  acids. 
5th,  By  mercury. 

It  mould  be  here  obferved,  that  as  the  power 
of  heat,  when  applied  in  chemiflry,  requires 
the  a£hon  of  three  feveral  bodies,  fo  in  ap- 
plying the  electric  fluid,  we  are  always  obliged 
to  confide r  the  change  it  produces,  not  only 
in  the  body  upon  which  it  is  dehgned  to  act, 
but  in  the  body  that  conveys  it,  and  in  the 
medium  furroundmg  that  part  of  the  circuit 
in  which  the  explofion  is  molt  powerful.  Thus 
if  I  convey  the  charge  of  a  battery  through 
fulphur,  the  conducting  metal  is  afFetted,  the 
fulphur  is  burned,  and  the  air  which  fur- 
rounds  the  fulphur  is  at  the  fame  time  ren- 
dered impure. 
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Ii  APPARATUS  FOR  VARIOUS  KINDS  OF  AIR. 

FIG.  LVIL 

AB  is  a  tube  about  fix  inches  long,  half  an 
inch  wide,  and  as  nearly  cylindrical  as  pof- 
fible.  At  the  upper  extremity  is  fitted  to  the 
tube  the  iron  cap,  CD,  having  two  flop-cocks 
fcrewed  into  its  fides,  which  communicate 
with  the  bladders.,  E  and  H.  A  thermo- 
metrical  tube  paffes  through  a  lid  fcrewed 
upon  the  iron  cap,  CD,  into  the  cavity  of  the 
tube,  AB.  I  and  H  are  the  conducting  wires, 
which  mould  always  be  made  of  gold,  as  the 
fubftance  that  is  leafl  affecled  by  the  force 
of  the  battery.  B  is  a  piflon,  which  I  make 
of  cotton  twilled  round  an  iron  wire  ;  it 
would  be  better  made  of  cork,  fo  perfectly 
turned  as  to  fit  the  bore  of  the  tube,  AB, 
which  fhould  be  completely  cylindrical  for  the 
purpofe.  The  mode  of  proceeding  with  this 
inftrument  is  the  following  : 

h  h  4 
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The  lid  of  the  iron  cap  is  taken  off,  and 
the  pifton  is  pufhed  beyond  the  orifices  of  the 
ftop-cock ;  the  lid  is  then  fcrewed  on,  fo  as 
to  be  air-tight,  and  the  communication  with 
that  bladder  which  contains  the  required  air 
is  opened.  In  confequence  of  pulling  down 
the  pifton,  the  air  rufhes  from  the  bladder, 
and  fills  the  vacuum  that  is  produced  by  the 
pifton,  whofe  motion  will  be  regulated  by  the 
linking  diftance.  The  fluid  is  conducted  by 
a  fmall  wire,  which  paffes  through  the  ther- 
mometrical  bore.  The  cement  that  makes 
it  air-tight  before  the  pifton  is  moved,  may 
be  torn  off  afterwards,  and  the  wire  may 
be  moved  backwards  and  forwards  without 
danger  of  lofing  much  air.  After  the  {hock 
or  fpark  has  been  repeated  a  certain  number 
of  times,  the  pifton,  being  pufhed  up,  will 
force  the  air  in  its  changed  ftate  into  one  of 
the  bladders,  which  is  left  empty  and  open  for 
the  purpofe  of  receiving  it  ;  a  frefh  fupply 
is  then  introduced  from  the  other  bladder, 
and  the  operation  goes  on  till  the  whole  has 
undergone  the  fame  operation,  or  till  the  blad- 
der, containing  the  required  air,  becomes 
empty.     In  cafe  you   wifhed    to  renew   and 


APPARATUS. 


Continue  the  application  of  the  ele&ric  fluid, 
it  is  obvious  to  you  that  the  bladder  may  be 
alternately  filled  and  exhaufted,  as  often  as 
you  pleafe. 


21.  APPARATUS  FOR  WATER,  SPIRITS  Of 
WINE,  AND  OIL. 


FIG.  LVIIL 

If  the  {hock  be  conveyed  from  one  point 
to  another,  in  water  contained  in  glafs,  a  frac- 
ture takes  place,  though  the  fides  of  the  glafs 
be  three  inches  thick.  The  apparatus  repre- 
fented  in  the  figure  is  made  with  a  defign  to 
avoid  this  inconvenience.  A  is  a  glafs  tube 
three  inches  long  and  half  an  inch  in  diameter. 
It  is  cemented  into  a  cylindrical  piece  of 
wood,  BC,  which  is  perforated  from  top  to 
bottom,  and  the  diameter  of  its  perforation 
is  the  diameter   of  the   tube.     Through   the 

o 

fide  of  the  wood  a  thermometrical  tube,  con- 
taining a  wire  (as  in  the  preceding  figure) 
paffes  to   H,      Through  the   bottom  of  the 
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wood  another  wire  paffes,  and  extends  to 
within  one-fourth  of  an  inch  of  H,  or  to  I. 
The  fhock  produces  its  greater!  effecl:  in  the 
interval  between  the  two  points,  and  whatever 
bubbles  are  formed,  rife  through  the  water 
contained  in  the  cavity  to  the  fummit  of  the 
tube,  A.  If  the  thermometrical  tube  be  not 
placed  at  H,  you  will  not  have  infuiation 
enough  to  prevent  the  fhock  from  finking 
from  one  wire  to  another  along  the  wood,  ra- 
ther than  through  the  water  or  fpirits  of  wine. 

III.  APPARATUS  FOR  THE  ACIDS. 


FIG.   LIX. 

AB  is  a  tube  eight  inches  long  and  half 
an  inch  wide.  It  is  clofed  at  the  top  by  a 
cap,  through  which  paffes  a  thermometrical 
cube,  twifted  round  with  a  gold  wire,  which 
terminates  at  G.  The  remainder  of  the  ther- 
mometrical tube  is  covered  with'  acid.  E  is 
the  point  of  another  piece  of  gold  wire,  which 
paffes  through  the  water  in  which  the  tube  is 
inverted  :.  in  this  cafe  the  fluid  paffes  from  G 
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through  the  acid  on  the  fide  of  the  thermo- 
metrical  tube,  and  the  greateft  fenfible  change 
is  produced  on  the  air  in  the  tube  AB.  I 
have  frequently  ufed  a  bent  tube,  which  I  have 
filled  with  the  acid,  leaving  only  a  bubble  of 
air,  through  which  the  ftroke  was  conveyed  ; 
but  the  inconfiderable  conducing  power  of  the 
acid  in  thefe  circumftances  would  never  al- 
low of  my  applying  fuch  a  force  as  produced 
any  fenfible  change  without  immenfe  trouble. 
The  refults  of  the  experiments  made  on  acids 
by  this  inftrument  are  much  varied  by  intro- 
ducing different  kinds  of  air  into  the  tube. 


IV.   APPARATUS  FOR  SOLIDS. 

When  the  folid  is  capable  of  being  reduced 
into  powder,  it  mould  be  prefled  clofely  into 
a  tube,  and  one  of  the  conducting  points  is  to 
lie  juft  above  the  furface,  fo  that  the  air  may 
have  an  opportunity  of  co-operating  with  the 
electric  fluid.  The  conducting  points  mould 
be  always  placed  within  the  luminous  ftriking 
diftance.  The  tube  mould  be  clofed  ;  for  the 
air  is  changed  as  well  as  the  body,  and  diffe.- 
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rent  refults  take  place  in  different  kinds  of 
air.  Salts  may  be  examined,  if  they  be  firft 
diflolved  in  water,  and  the  Ihock  through  the 
water  thus  impregnated.  Metals  difplay  an 
endlefs  variety  of  refult,  when  afted  upon  by 
the  eleclric  fluid :  fine  wires  of  them  are  to 
be  fattened  to  little  hooks  at  H  and  I  (vide 
Fig.  LVII.)  in  the  tube  AB,  which  may  be 
filled  with  any  fluid,  fo  that  the  effects  of  the 
ftroke  upon  the  metal  in  that  fluid  may  be 
examined. 

When  the  wires  are  melted  or  decompofed 
in  different  kinds  of  air,  my  method  of  pro- 
ceeding is  the  following  :- 1   pufh  up  the 

pifton,  fo  that  the  little  hook  at  I  may  he  be- 
yond the  orifice  of  the  ftop-cock  ;  I  then  tye 
the  wire  of  the  required  metal  to  the  hook, 
and  fcrew  on  the  iron  lid,  to  whofe  thermo- 
metricai  tube  likewife  the  wire  is  fattened. 
On  pulling  down  the  pifton,  the  wire  is  drawn 
into  a  tight  pofture,  and  the  required  air  enters 
the  cavity.  After  the  difcharge,  the  air 
changed  by  the  experiment  may  be  pufhed 
into  one  of  the  two  bladders,  and  the  metal, 
*r  its  remains,  will  be  found  on  the  furface 
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of  the  pifton.  It  is  obvious  that  this  operation 
may  be  repeated  times  without  number  in  the 
fame  air,  fo  that  the  maximum  of  this  effeft 
may  be  thus  eafily  and  accurately  ascertained. 

By  fubftituting  oil  and  other  fluids  for  air, 
the  preceding  proceffes  on  the  metals  may  be 
diverfified  with  great  facility.  Indeed,  the 
experiments  which  may  be  made  with  the 
whole  of  the  apparatus  I  have  juft  defcribed? 
if  properly  varied,  might  furnim  employment 
for  a  long  life  of  activity  and  perfeverance. 


FINIS, 


PjLATTJB  1 


Fip  26. 


ri£.£2"JS  2 


■rm- 


E 

O 


r> 


0 


F10-.28 


29.     A¥»B 


o 


3 


f\  Q  f 


A 


a 


^ 


34-. 


LI 


B 


J-u.- 


E 


>tfo 


B 


C 


b   c 
Ii 


i 


d    e 
36. 

Z>  c 


jooooc 


Erf' 


A  cocxdoooooBoocooooB     &L  |as 


4». 


H 


A 


1-0     cS- 


£LD     O 


D^ 


FiojoA B 

3^  o     (  ) 


aO 


-% 


COUNTWAY  LIBRARY   OF  MEDICINE 


QC 

517 

M82     v. 2 


RARE  BOOKS  DEPARTMENT 


